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'n^Z^^j PREFACE 

** II n'y a que ceux qui ne font rien quino 
86 trompent pas." — Favre. 

This little book is a practical reply to a number of 
persons who repeatedly ask the writer for some 
information on the Geology of Sydney and the 
Mountains. The only possible reply has hitherto 
been to refer them to a number of reports buried 
5^ away in Blue Books, or to scientific papers scattered 
through the proceedings of various learned societies. 
Many of these papers and reports are now out of 
print. As stores of scientific knowledge, they are 
invaluable, but they have not proved inviting to the 
public generally. 

In the chapters now presented to my readers, 
I have done little more than collect some of the 
scattered information referred to; but I may claim 
that the method of presenting the subject is my own. 
Primarily, I have considered the needs of the general 
reader, at the same time bearing in mind the wants 
of the student. The book, small as it is, would be 
impossible were it not for the labours of three eminent 
geologists, now alas ! no longer amongst us — Clarke, 
Wilkinson, and Tenison- Woods. I have also drawn 
on the writings of Mr. Robert Etheridge, junr.. Curator 
of the Australian Museum, Professor David, of the 
University of Sydney, and Mr. Pittman, the Govern- 
ment Geologist. 
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6 Preface 

Considerable care has been taken with the illus- 
trations. They are, with a few exceptions, reproduced 
from my own photographs. In the case of fossils, 
reference is made in foot-notes to the original figures. 
Most of them have been re- drawn, but I fear they have 
suffered somewhat from the difficulty of rendering the 
original lithographs into line work. I am indebted to 
Mr. Charles Hedley, of the Australian Museum, for some 
of these drawings, and also for valued advice in pre- 
paring the work. To Mr. Cathels is due the credit of 
admirable reproductions of some of my own sketches. 
I must also express my indebtedness to two of my 
students. Miss Elsie English and Mr. Carl A. 
Sussmilch; the former read the proof-sheets and 
compiled the index, the latter verified many references 
in the list of fossils, and worked out the section (fig. 
46) at Bundanoon. 

Finally, I may say that the book, as it leaves my 
hands, falls very far short of my ideal. I can only 
hope that perhaps its very shortcomings will induce 
someone with resources more ample than mine to take 
the matter in hand, and give us a work altogether 
worthy of the subject. 

J. M. C. 

Technical College^ 

17th October, 1898. 
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PREFACE TO THE SECOND EDITION. 

The first edition of this book was sold out in a few 
months. This may be taken as a proof that the work, 
which was published with some diflEidence, has met 
with the approval of the public. It was my endeavour 
to introduce the student to a practical method of 
studying Geology — by handling specimens, and 
examining rocks along the cliff and on the hillside 
in "Nature^s roofless school." .Without sacrificing 
simplicity, I have, when possible, given references 
to reliable sources of information, thus in a manner 
helping the student to continue his study on a higher 
grade. 

Reference is made repeatedly in the text to the late 
Professor de Koninck's Atlas of New South Wales 
Palaeozoic Fossils, published at Brussels in 1873. 
This work is now available in English, with all the 
original beautiful lithographic plates.^ 

I have added two new maps, and made several new 
photographs to supply fresh illustrations. In studying 
the country west of Mount Victoria I received con- 
siderable help from Mr. H. G. Rienits, who walked 
over much of the ground with me. When most of my 
notes were made I learned that a map had already been 
prepared, quite independently, by Mr. C. L. Ball. This 
gentleman, who is intimately acquainted with the 

1. Descriptions of the PalaBOzoic Fossils of New South Wales, by L. G. de 
Koninck. Translated from the French by T. W. Edgeworth David, Mrs. David, 
and W. S. Dun. W. Applegate Gullick, Government Printer, Sydney, 1898. 



Digitized by 



Google 



Preface to the Second Edition 



district, very kindly placed his work at my disposal. 
The geological map now added to this volume is 
therefore the joint work of Mr. Ball, Mr. Rienits, and 
the present writer. The district coloured was selected 
as being an area easily accessible to the student, and 
one in which the rocks vary considerably in age and 
character. The map facing the title page shows the 
position of a number of igneous dykes around Sydney 
of which no record has hitherto been published. 

Some friendly critics have found fault with the 
disposition of the illustrations, pointing out that the 
figures are not always on the same page as the text 
referring to them. Geological pictures of general 
interest, illustrating many principles may, I think, 
be distributed with their explanatory legend, through 
a volume such as this. 

I would express my indebtedness to Professor 
David, of the University, for reading through the 
book, making some corrections, and giving me many 
valuable suggestions which are embodied in this 
edition. For information and assistance generally I 
have to thank Mr. John Mitchell, Mr. David Wiley, 
Mr. J. M. Taylor, LL.B., Mr. A. G. Hamilton, and Mr. 
W. J. Enright. 

J. M. 0. 
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For the information of readers not familiar with the top<^raphy of the moun- 
tains and some other districts named, it may be well to say that — 

Mount Hay, Mount Tomah, and Mount King Gleorge are prominent basalt- 
capped hills, which may be seen in the distance from Mount Victoria and 
Eatoomba. 

The Ganoblas is a mountain of andesitic basalt, and an ancient voleano, about 
snven miles from Orange, and about one hundred and ninety miles west from 
Sydney. 

Mount Victoria is seventy-seven miles from Sydney on the main Western line. 
A line of coaches runs from here to the Jenolan Oaves daily. 

Molong is a town on a branch of the Western railway line, two hundred and 
sixteen miles from Sydney. 
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CHAPTER I. 

GEOLOGY A HISTORY OF THE WORLD BEFORE 
HUMAN HISTORY BEGAN. 

AUSTRALIA HAS A HISTORY PAR MORE ANCIENT THAN 
ANY WRITTEN BY MEN — TO READ THIS HISTORY IS ONE 
OF THE OBJECTS OF QEOLOOY — RECORDS PRESERVED IN 
THE QREAT STONE-BOOK OF NATURE. 

Not long ago some strange-looking impressions were 
discovered on a block of shale at St. Peters, near 
Sydney. The block was dug from a band seventy 
feet below the surface. The impressions were 
evidently made by a living animal walking over the 
partially-hardened shale^ when that shale band was 
the surface of the land. After the creature left its 
foot-print several hundred feet of newer shales were 
deposited. There is convincing evidence to show that 
these foot prints were made when the Blue Mountains 
were still beneath the waters, and before the Alps or 
the Himalayas were lifted to their proud eminence. 
But by what manner of creature were these foot prints 
left ? The impressions did not look as if they could 
have been made by any animal that Hying man had 
ever set eyes upon. 

Some time before, the remains of a wonderful 
"extinct monster'^ were unearthed in the same quarry. 
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18 GEOLoaY OP Sydney. 

There is nothing like it living now on earth. Even 
the natural order to which it belonged is quite extinct. 
This ungainly creature was a shovel-headed Sala- 
mander which pottered about like Falstaff in his old 
age, "with much belly and little legs/' But it 
measured ten or fourteen feet in length, and was 
as large as an ox in girth — a huge Batrachian, not 
separated very much from the frogs and newts. 
Transverse sections of its teeth show a wonderful 
labyrinthine pattern, from which these animals have 
been called Labyrinthodonts. 

In the shales alongside are found very clear 
impressions of ferns that grew while the shale was 
being formed layer above layer. One of these ferns, 
MacrotaBniopteris^ {l^'ig. 4), was a stately plant, but 
nowhere can it be found living to-day. Here, then, 
we have evidence of animals and plants — and be it 
noted highly-organised animals and plants, differing 
completely from those now existing — having peopled 
the world before the forms around us came into 
existence. We have proof of amphibians wandering 
by ancient lakes, and leaving the impress of their 
huge bulk on the muddy flats. Highly-organised 
plants flourished on the edges of these lakes. There 
are ripple-marks on the shale also, left by the lapping 
of tiny waves. All this is buried down so deep that 
vast ages must have elapsed since these ferns grew, 
and since that gredt reptile lived. This passing 

1 Ok. Macroi, great ; tcenia, a ribbon ; pteron, a wing, a fem«fronrl 
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Ancient Austhalu. 19 

glance into those far-off days shows us that even in 
that distant past the sun shone for the growing 
plants, the winds blew, and rain fell, and animals 
peopled the earth. Long afterwards rumblings 
could be heard, the result of great earth movements, 
and the rocks at more than one point burst upwards, 
letting loose floods of lava that cooled and hardened 



Fio 1. — Bondi, near Sydney (after Schell). 
A wave-beaten sea-cliff, much carved by the sea. 

into the blue-black compact rock we call basalt. But 
the volcanic fires are long since cooled, the great 
i-ibbon-fern no longer lives, and no Lahyrinthodont 
can be found on earth to-day. 

Without going one step further, we see Australia 
lias therefore a history far older than that preserved 
in written records. The oldest written information 
takes us back hardly more than a few hundred years. 
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20 Geology of Sydney. 

And our existence^ as a people in a new country, 
practicallj begins with the century. The pages of the 
great stone-book of Nature take us far back into the 
childhood of the world. By piecing together the frag- 
ments of "strange markings^' on the rocks, we are able 
to picture the conditions that prevailed long before a . 
block of sandstone existed where Sydney now stands. 
The sandstone cliffs, forming the gates to Port Jackson, 
attract the attention of every observer. The giant 
walls of sandstone on the Blue Mountains are sublime 
in their magnificence. But these giant walls were not 
always on the Mountains. The sea did not always 
send its rolling billows through the Port Jackson 
heads. There was a day, long ago, when there was 
no sea there to roll, and no cliffs to form headlands. 
There was a time when the highest tops of the 
mountains were depressed beneath the troubled waters 
of a great estuary. And when they finally rose in 
their grandeur to their present height or higher, 
volcanic fires lighted up the scene of Nature's 
mountain-building. Mounts Hay, Tom ah, and King 
George are the remnants of a one-time continuous 
sheet of lava. This lava rose through the neck of a 
volcano, and was poured out just as fiery streams are 
seen to issue from Vesuvius or Etna to-day. Surely 
these are glimpses of a past history, more ancient than 
any written by man. But it will be asked on what 
proven facts do these statements rest ? The question 
is best answered by an examination of the materials — • 
the rocks themselves. 



Digitized by 



Google 



Ancient Australia. 21 

Meanwhile we wonder where the book may be 
found wherein all this history is recorded ? When did 
those giant reptiles, and graceful ferns, come into and 
begin to live on this earth ? When did the rivers that 
scored the mountain's side first run to the sea ? What 



Fig. 2.-' Labyrinthodon restored, ventral aspect ; found in Triassio 
Rocks around Sydney. 

manner of beings were those whose remains are im- 
bedded, in countless myriads, in the various rocks ? T he 
sedimentary rocks are one vast sepulchre; can we 
decipher the curious legends engraven on these tombs? 
When were those volcanic fires first lighted ? '^ There 
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Gkoloqy op Sydnbt. 



is no volume of man's making in which an answer may 
be found; no library could contain the thousandth 
part of it ; but it is inscribed on the rocks around us 
and beneath our feet. They constitute the volume 
you wish to read, every word of which is written by 




Fia. 3. — Oleandridium.^ A fossil plant from the Hawkesbury Sand- 
stone, la. — Enlarged portion of same showing venation 

Nature's own hand. She has kept a record of all her 
doings — ^kept with wonderful accuracy her diary ; and 
we may read her own statement of facts more wonder- 
ful than the fictions of Arabian fancy. All uncon- 
sciously the fiery volcano has traced its turbulent 

1 Record of Geol. Sur. of N. S. Wales, Vol. IV., Plate viii. 
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Ancient Australia. 23 

history with a burning pen ; the coral and the sea- weed, 
the fishes, reptiles, birds, and beasts of the olden time 
have written their life-story in the plastic rock, for ns 
to read. All is recorded in them that has been done 
to bring the world from the original rude state in 
which it existed to the condition of life and beanty 
that crowns it to-day." 
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CHAPTBE II. 
EXAMINATION OF ROCKS. 

PRINCIPLES OF GKOLOGIOAL 8TUDT — MUOH MAT BK 
LRARNBD FBOM AN INDOOB STUDY OF ROCK SPKOIMBNS 
— NO STUDY OF ROCKS COMPLBTB WITHOUT AN KXAMI- 
NATION IN THB FIKLD — PRINCIPLBS UNDBBLYING OBO- 
LOOICAL SCIBNCB—THR BARTH SUBJECT TO CHANGB — 
THB SOLID LAND BLBVATBD AND DBPBBSSBD— GONTINUBD 
SLIGHT MOVBMBNTS OF THB RARTH's CRUST. 

The study of a rock is not at first sight very inviting. 
On a close examination it will be found that most rocks 
can be made to tell much of their own history. Buskin 
has written that " there is no natural object out of 
which more can be learned than out of stones. They 
seem to have been created especially to reward a patient 
observer. Nearly all the other objects in Nature can 
be seen^ to some extent^ without patience, and are 
pleasant even in being half seen. Trees, clouds, and 
rivers are enjoyable even by the careless. But the 
stone under the foot has nothing for carelessness but 
stumbling ; no pleasure is to be had out of it, nor food, 
nor good of any kind ; nothing but symbolism of the 
hard heart and the unf atherly gift. Yet do but give 
it some reverence and watchfulness^ and there is bread 



Digitized by 



Google 



Fig. 4. — MacrolcBniopteris^ restored. A fossil fern found in the 
Wianamatta Shales around Sydney. 



1 Bull, of the U S Geol. Sur. No. 85, Plate viii. 
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Study of Rocks. 27 



of thought in it more than in any other lowly feature 
of all the landscape. For a stone, when it is examined, 
will be found a mountain in miniature." We can even 
go further and say that by the use of the microscope 
it is possible to discover much concerning the minute 
structure of rocks, and from that structure to learn a 
good deal as to their mode of origin. When Sorby 
first cut thin sWces of rock for the microscopes, he was 



Fig. 5. — Hawkesbury Sandstone near Sydney, showing the efiTects 
of Marine Erosion. 

met with the reproach that it was impossible to look at 
a mountain through a microscope. In the same way 
it is often said that it is hardly possible to learn much 
from hand specimens of rocks. We shall see further 
on what may be learned from the bare examination of 
a piece of sandstone. In referring to the more minute 
structures in rocks, Sorby says: "Some geologists only 
accustomed to examine large masses in the field may, 
perhaps, be disposed to think the objects so minute as 
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to be quite beneath theil* notice^ and tbat all attempts 
at accurate calculations from such small data are quite 
inadmissible. What other science^ however, has pros- 
pered by adopting such a creed ? What physiologist 
•would think of ignoring all the invaluable discoveries 
that have been made in his science with the microscope 
merely because the objects are minute? . . . With 
such striking examples before us, shall we physical 
geologists maintain that only rough and imperfect 
methods of research are applicable to our own science ? 
Against such an opinion I certainly must protest; and 
I argue that there is no necessary connection between 
the size of an object and the value of a fact, and that, 
though the objects I have described are minute, the 
conclusions to be derived from the facts are great.'^ ^ 

The study of a rock indoors can never be alto- 
gether satisfactory. We must, if possible, see the rock 
in the cutting, ravine, or cliff. We must learn its 
relation to suiTOunding rocks. Not until we have done 
this may we say that we are in possession of sufficient 
facta to gather together the history of that rock, by 
deductions based on these facts. 

The principle underlying all geological study is 
that this earth is subject to change. The crust of the 
earth is now subject to disturbance and dislocation. 
The interior of the earth is probably solid, with no 
doubt lakes of molten matter. Some authorities hold 
for a liquid interior. But the one thing beyond dia- 

1 Oeol. Soc , Lond., 1868, p. 497. 
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pute is that the interior of the earth is intensely hot. 
In either case the central mass continues to cool and 
therefore to contract. One result of this is, that the 
crust is thrown into folds, ot vast masses of the crust 
may break o£E and sink below the rest. 

We are accustomed to speak of the ocean as a type 
of instability, and to refer to the eternal hills as 
typical of the unchanging. If there is one conclusion 
more than another that geologists are agreed upon it is 
that the crust of the earth is not stable and unchanging. 
On the contrary, the hills are worn down by rain, winds, 
and frost ; streams and rivers cut for themselves 
channels, the eroded materials are transported as sedi- 
ments to lakes and seas, and there spread out in strata. 
Vast quantities of this eroded material are sometimes 
spread over alluvial plains by flood waters. 

The sea itself is encroaching on the land, in many 
places at an alarming rate. The breakers are sawing 
into the cliffs around the dry land. The overhanging 
rocks are undermined and topple over, in the course of 
time. These, hurled back by the waves against the 
cliff, help in the work of destruction, so that, as some- 
one has remarked, the cliffs of the world supply an 
artillery to destroy themselves. 

Then there are the known movements of the 
earth's crust, some portions being elevated, and some 
portions being slowly submerged. Many of these earth 
movements are so gradual as to be hardly appreciable 
in a century. On the other hand, sudden and violent 
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catastrophes are far from uncommon^ and modify the 
earth's surface over large areas. Callao is the northern 
limit of a stretch of country, 2,400 miles long, that has 
been considerably elevated since the advent of man. 
Old sea beaches are found here from 60 to 1,000 
feet above the sea level. We have, besides, in every 
quarter of the globe, active volcanoes sending forth 
masses of molten rock, and showers of dust and ashes. 



U'lG. 6. — Microscopic structure of Sandstone. 

Professor Shaler says : "The notion that the ground is 
naturally steadfast is an error, — an error which arises 
from the incapacity of our senses to appreciate any 
but the most palpable, and at the same time most 
exceptional, of its movements. The idea of terra firma 
belongs to the ancient belief that the earth was the 
centre of the universe. It is, indeed, by their mobility 
that the continents survive the increasing assaults of 
the ocean waves, and the continuous down-wearing 
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which the riyers and glaciers bring about." Professor 
Milne, a great authority on earthquakes, has noticed 
slight swayings of the earth which, though occupying 
a short time — from a few seconds to a few hours — are 
still too slow to produce a shock of any kind. These 
he calls " earth pulsations." They have been observed 
by means of delicate spirit levels, the bubbles of which 
move with very slight changes of level at either end 
of the instrument. At present only a few experiments 
of this kind have been made ; but they tell us that the 
surface of the earth (which is apparently so firm and 
immovable) is subject to slight but frequent oscillations. 
Some think that they depend upon changes in the 
weight of the atmosphere. If this is so, the balance 
between the forces at work below the earth's surface 
and those that operate on its surface must be very 
easily disturbed. Still we cannot see that this is a 
serious objection; on the contrary, there is much reason 
to think that any slight extra weight on the surface 
such as might be caused by an increase of the pressure 
of the atmosphere, and still more by the accumulation 
of the vast sedimentary deposits on the floor of the 
ocean, may be quite sufficient to cause a movement to 
take place. Moreover, Mr. G. H. Darwin has shown 
that the earth^s crust daily heaves up and down under 
the attraction of the moon, in the same kind of way 
that the ocean does ; so that we must give up all idea 
of the solid earth being fixed and immovable, and must 
look upon it as a flexible body, like a ball of india- 
rubber. 
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Slight moyements of rather a different kind have- 
been noticed^ to which the name of *' earth-tremors " 
has been given. These are very slight jarrings or 
quiverings of the earth, too slight to be observed by 
oar unaided senses, but rendered visible by means of 
very delicate pendulums and other contrivances. Now, 
wherever such observations have been made, it has 
been discovered that the earth is constantly quivering 
as if it were a lump of jelly. In Italy, where this 
subject has been very carefully studied, the tremors 
that are continually going on are found to vary con- 
siderably in strength ; for instance, when the weather 
is very diaturbed and unsettled, the movements of the 
pendulum are often much greater. Again, before an 
earthquake, the instrument shows that the tremors are 
more frequent and violent. 

Another way of observing these curious little 
movements is by burying microphones in the ground. 
The microphone is a little instrument invented of late 
years, which is capable of enormously magnifying the 
very slightest sounds, such as our ears will not detect. 
By its means one can hear, as someone said, '^ the 
tramp of a fly's foot," if he will be so obliging and walk 
over it. It has thus been proved in Italy that .the 
earth sends forth a confused medley of sounds caused 
by little crackings and snappings in the rocks below 
our feet.^ 

The facts referred to so far will convince most 
people as to the instability of the so-called solid crust. ^ 

1 Hutchinson. *' Story of the Hills," p 193. 
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In the light of Greology the highest mountains are but 

of yesterday, and mountain ranges whose summits 

once pierced the clouds and seemed immovable and 

indestructible, have been worn down by the unceasing 

effects of disintegration and denudation. 

'* The hiUs are shadows, and they flow 

From form to form, and nothing stands ; 
They melt like mists, the solid lands, 
Like clouds they shape themselves and go." 



Fig. 7. — Microscopic structure of Diorite. 

Further on we shall see that rocks now far away 
from the sea, and many hundred feet above sea level, 
were actually formed beneath the waters of an ocean. 
The changes now in operation in sea and on the land 
will help us to understand how these rocks have been 
lifted from the quiet depths of the ocean, and after- 
wards carved, into their present outlines of hill and 
dale, by running water and atmospheric agencies. 



B2 
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The principles of this new cycle of change are very 
clearly summarized as follows by Dr. Molloy.* 

It may be asked how the various strata of aqueous 

rocks which constitute the chief portion of the earth^s 

crust have been lifted up above the level of the sea ; 

for, according to our theory, they were at first deposited 

under water. This is a question that must inevitably 
occur to the mind of every reader, and geologists are 

ready with an answer. They tell us that, from the 



Fig. 8 — Microscopic structui-e of Basalt, Bald Hills, Bathurst. 

earliest ages, the crust of the earth has been subject to 
disturbance and dislocation. At various times and in 
various places it was upheaved, and what had been 
before the bed of the ocean became dry land; again it 
sunk below its former level, and what had been before 
dry land became the bed of the ocean. Thus, in the 
former case, a new stratum which had been deposited 



1 " Oeoloto^ and Revelation," p. 18. 
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at the bottom of the sea^ with all its varied remains of 
a bygone age^ was converted^ for a season^ into the 
surface of the earthy and became the theatre of animal 
and vegetable life ; while in the latter case^ the old 
surface of the earthy with its countless tribes of animals 
and plants — ^its fauna and flora^ as they are called — 
was submerged beneath the waters, there to receive 
in its turn broken-up fragments of a former world, 
deposited in the form of mud, or sand, or pebbles, or 
minute particles of lime. Nor is this all; it is but 
a single link in the chain of geological 6hronolog7. 
We are asked to believe that, in many parts of the 
globe, this upward and downward movement has been 
going on alternately for unnumbered ages : so that the 
very same spot which was first the bed of the ocean 
was afterwards dry land; then the bottom of an 
estuary or inland lake ; then, perhaps, once more the 
floor of the sea, and then the dry land again ; and, 
furthermore, we are assured that thousands and 
thousands of years may have rolled away while it 
remained in each one of these various conditions. 

But, from what source does that mighty power 
come, which can thus upheave the solid earth, and 
banish the ocean from its bed ? We are told, in reply, 
that this giant power dwells in the interior of the 
earth itself, and is no other than the subterranean heat 
of which we have already spoken. This vast internal 
fire acts with unequal force upon different parts of the 
shell or crust of the earth, uplifting it in one place, and 
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in anotlier allowing it to subside. Now it is violent 
and convulsive^ bursting asunder the solid rocks^ and 
staking the foundations of the hills ; again^ it is gentle 
and harmless^ upheaving vast continents with a scarcely 
perceptible undulation, not unlike the long, silent swell 
of the ocean. So it has been from the beginning, and 
so it is found to be even now, in this last age of the 
geological calendar. For, even within historic times, 
vast tracts of land have been permanently upraised 
by the convulsive shock of the earthquake ; and many 
parts of the earth's crust have been subject to a slow 
wave-like movement, rising here and subsiding there, 
at the rate of perhaps a few feet in a century Some- 
times, too, the fiery liquid itself has burst its barriers, 
and poured its destructive streams of molten rock far 
into the peaceful, smiling valleys. 
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Fig 9. — 1. Jeanpaulia pcUmcUa^, from the Wianamatta Shales. 2. 
Cycadopteris scolopendrina2» half nat. size, from the Wianamatta 
Shales. 2a. Pinnules^ enlarged, showing the border. 

1 Proc. Linn. Soc. N. S. Wales. Vol. I. C2nd series), Plate xvii. 
2&2a „ „ „ „ ,. „ „ „ xvi. 
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CHAPTER III. 
FOSSILS. 

WHAT ARB FOSSILS 1 — WHAT DO THBT TEACH f — PRRSER<> 
YATION OF FOSSILS — BYIDBNCES OF LIFR IN AGES THAT 
ARB GONE— BYIDBNCES OF THE MARINE OR FRESH- 
WATER ORIGIN OF ROCKS. 

A FOSSIL may be described as the remains^ or the 
traces of the remains^ of any animal or plant which 
has been entombed in rocks. Each successive formation 
in the long history of the earth is characterized by 
fossils peculiar to itself. Dr. Page says shells^ fishes^ 
and other animals^ are buried in the mud or silt of 
lakes and estuaries ; rivers also carry down the carcases 
of land animals^ the trunks of trees and other vege- 
table drift; and earthquakes submerge plains and 
islands^ with all their vegetable and animal inhabitants. 
These remains become enveloped in the layers of mud 
and sand and gravel formed by the waters^ and in 
process of time are petrified, that is, are converted into 
stony matter, like the shells and bones found in the 
oldest strata. Now, as at present, so in all former time, 
must the remains of plants and animals have been 
similarly preserved, and, as one tribe of plant is 
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peculiarto the dry plain^ another to the swampy morass ; 
as one family belongs to a temperate, another to a 
tropical region, so, from the character of the imbedded 
plants, we are enabled to arrive at some knowledge of 
the conditions under which they flourished. In the 
same manner with animals, each tribe has its locality 
assigned it by peculiarities of food, climate, and the 
like ; each family has its own peculiar structure, for 
running, flying, swimming, plant-eating, or flesh-eating, 
as the case may be ; and by comparing fossil remains 
with existing races, we are enabled to determine many 
of the past conditions of the world with considerable 
certainty. 

It is a well-ascertained fact that each period in the 
world's history was marked by the existence of an 
animal and a vegetable creation peculiar to itself, and 
so characteristic of certain formations are certain 
fossils that the geologist can very often determine the 
exact age of, and place in its geological sequence, a 
formation he has never seen, provided a collection of 
its fossils is placed before him. When a geologist finds 
a specimen of Qlossopteris, for instance (fig. 38), in New 
South Wales, he can safely conclude that the rocks he 
is investigating are newer than Devonian, and older 
than Triassic, and that they belong to the series that 
contain the workable coal seams of the colony. 
M<icrotseniopteri8 (fig. 4) characterizes beds lying 
above the productive coal measures. It tells of a for- 
mation that accumulated on the land, and not in the 
sea. Thinnfeldia (fig. 30) is peculiar to a formation 
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still higher up in the series. The fossil figured on page 
203 is evidently a sea-shell, and therefore characterizes 
a marine formation. These fossils are never mixed. 
A single frond of any one of them is sufficient to decide 
the relative position of the beds containing them. 

We have already referred to fossils from the 
shales near Sydney. In case of the footprints, the 
fossils were preserved merely as impressions. Writing 
of similar impressions in New England, Winchell says : 



Fig. 10. — Microscopic structure of Granite. 

" It is a solemn and impressive thought that the 
footprints of these dumb and senseless creatures have 
been preserved in all their perfection for thousands of 
ages, while so many of the works of man which date 
but a century back have been obliterated from the 
records of time. Kings and conquerors have marched 
at the head of armies, across continents, and piled up 
aggregates of human suffering and experience to the 
heavens, and all the physical traces of their march 
have totally disappeared, but the solitary biped which 
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stalked along the margins of an inlet before the human 
race was born pressed footprints in the soft and shifting 
sand which the rising and sinking of the continent 
could not wipe out." 

Sometimes not merely impressions but the whole 
skeletons of animals long since extinct are preserved 
as fossils. Almost complete skeletons of the extinct 
giant marsupial Diprotodon were found in great abund- 
ance at Lake Mulligan^. Fossils are preserved in 
somewhat different methods. (1) In rare instances the 
original substance may be preserved. In the case of 
coal the carbon present is the carbon of which the 
plants were formed. (2) The forms of shells are some- 
times preserved as casts and moulds. (3) The substance 
may be entirely lost, and the form preserved completely 
in another material. The so-called '^petrified shells" 
come under this heading. Also " wood turned into 
stone" — silicified wood of geologists. In the case of 
silicified wood, the whole substance has been changed 
from wood into stone, but every structure and fibre, as 
well as the rings of growth, are perfectly preserved. 

It is, says Jukes, '^as if a house were gradually 
rebuilt brick by brick, or stone by stone, a brick or a 
stone of a different kind being substituted for each of 
the former 'ones, the shape and size of the house, the 
forms and arrangements of rooms, passages, and closets, 
and even the number and shape of the bricks and stones 
remaining unaltered." Sir Charles Lyell has also dealt 
with this most interesting question, and thus explains 

1 Lake in Central AuttralUi, but in South Australian territory. 
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Fifi. 11. — Basaltic Dyke cutting through Wianamatta Shales, near 
Beecroft Railway Station. 
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the change of say a piece of wood to stone. " If an 
organic substance is exposed in the open air to the 
action of the sun and rain, it will in time putrefy, or 
be dissolved into its component elements, consisting 
usually of oxygen, hydrogen, nitrogen, and carbon. 
These will readily be absorbed by the atmosphere to 
be washed away by rain, so that all vestiges of the 
dead animal or plant disappear. But if the same 
substances be submerged in water, they decompose 
more gradually, and if buried in the earth, still more 
slowly, as in the familiar example of wooden piles or 
other buried timber. Now, if as fast as each particle 
is set free by putrefaction in a fluid or gaseous state 
a particle equally minute of carbonate of lime, flint, or 
other mineral is at hand and ready to be precipitated, 
we may imagine this inorganic matter to take the place 
just before left unoccupied by the organic molecule. 
In this manner a cast of the interior of certain vessels 
may first be taken, and afterwards the more solid walls 
of the same may decay and suffer a like transmutation." 

Silicified wood appeals directly to the observer, its 
original woody condition being so apparent. Specimens 
are common enough in basaltic country, being evidently 
derived from the drifts underlying the basalt. Blocks 
of silicified wood are also strewn in great abundance 
about Milparinka, and from there across to the South 
Australian border. 

The divisions of geological history are founded 
entirely on the animals and plants which characterize 
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the different periods and which are preserved for as 
as fossils. Fossil plants are indicative of dry land. 
Stratified rocks containing marine fossils were un- 
doubtedly formed in the sea. Other fossils point 
conclusively to the fact that the rocks containing 
them were laid down in fresh water. 

Summed up, fossils are evidences of life in times 
gone by. By their aid we construct the divisions of 
geological time, and they tell us of the conditions 
under which rocks were deposited. 

" The existence of fossil remains is, then, a fact. 
Go where you will through the civilized world, and 
every chief town has its museum, into which they 
have been gathered by the zeal and industry of man ; 
descend where you can into the crust of the earth — 
the quarry, the mine, the railway cutting — and there, 
notwithstanding the plunder which has been going 
on for two centuries and more, you will find that the 
inexhaustible cabinets of Nature are still teeming 
with these remains of ancient life. 

" When we are brought, for the first time, face to 
face with these countless relics of a former world, we 
are impressed with a sense of wonder and bewilderment. 
That the skeletons before us, though now dry and 
withered, were once animated with the breath of life ; 
that the trees now lying shattered and prostrate and 
shorn of their branches, once flourished on the earth, 
we cannot for a moment hesitate to believe. But, 
beyond this one fact, all is darkness and mystery. 
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These gaunt skeletons, these uncouth monsters, these 
petrified forests, are silent, lifeless, as tlie rocks within 
whose stony bosoms they have lain so long entombed. 




Fig. 12.— Wentworth Falls, Blue Mountains, showing stratified 
locks of Triassic age. 

Had they speech and memory, they could tell us much, 
no doubt, of that ancient world in which they bore a 
part, of its continents, and seas, and rivers and moun- 
tains ; of the various tribes of animals and plants by 
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which it was peopled^ of their habits and domestic 
economy, how they lived, how they died, and how they 
were buried in those graves, from which, after the 
lapse of we know not how many ages, they now come 
forth into the light of the day. As it is, however, we 
can but gaze and wonder. We have nothing here but 
the relics of death and destruction ; there is no feeling, 
no memory, no voice, in these dry bones ; no living 
tenant in these hollow skulls, to recount to us the 
history of former times. 

"So thinks and reasons the ordinary observer. 
But far different is the language of the geologist. 
These dry and withered bones, he tells us, are gifted 
with memory and speech ; and, though the language 
they speak may seem at first unfamiliar and obscure, 
it is not on that account beyond our comprehension. 
Like the birds, reptiles, fish, and other symbols, 
inscribed on the obelisks of ancient Egypt, these bones 
and shells stored up in the crust of the earth, have a 
hidden meaning which it is the business of Science to 
search out and explain. They are Nature's hiero- 
glyphics, which she has impressed upon her works to 
carry down to remote ages the memory of the revo- 
lutions through which our Globe haspassed; and, when 
we come to understand them aright, they do unfold to 
us the story of that ancient world to which they 
belonged." ^ 

1 Molloy, " Oeolog^y and Revelation," p. 286. 
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Fig. 13.— Fissure left by a previously existing Volcanic Dyke, 
Bgndi, near Sidney. 
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CHAPTBE IV. 
ROCKS. 

WHAT IS A ROCK? — MATERIALS OP ROCKS — HOW TO 
STUDY ROCKS — CLASSIFICATION OP ROCKS — ROCKS OP 
SYDNEY AND THE BLUB MOUNTAINS. 

A ROCK is the constituent of the earth's surface, and, 
though it may consist of a single mineral, it is 
generally a mechanical mixture of two or more 
minerals. Rocks are then, for the most part, aggre- 
gates of minerals. 

A mineral^ is a natural inorganic substance, which 
has a homogeneous structure, definite chemical compo- 
sition and physical properties, and usually a definite 
crystalline form. 

A mineral may consist of a single element, or 
more than one element. 

A mineral is made up of the single undecom- 
posable substances, called by chemists elements. 

These elements, in turn, form minerals, and 
minerals form rocks. 

The number of known minerals makes a long 
list, and this list is constantly increasing. The 
minerals, however, entering to any extent into the 

1 Coal is usaally classed with minerals, although of organic origin, and having 
no definite crystalline form. 
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composition of the rocks we have to deal with, are not 
many. 

1 • QUARTZ. — Quartz is an oxide of silicon ; in other 
words, it is a substance made up of the two 
elements Oxygen and Silicon. 

The milk-white stone of a quartz reef, the clear 
glass in pebble spectacles, and the grains of sand 
on the sea-shore, or the grains that go to make 
up the Hawkesbury Sandstone, are chemically 
one and the same substance. 

Quartz is very hard ; cannot be scratched with 
a knife, but quartz scratches glass easily. It is a 
most insoluble substance, but is attacked slowly 
by heated caustic alkalies, and by hydrofluoric 
acid. The reddish-looking quartz in some quartz 
reefs is due to staining by oxide of iron 
Amethyst, a gem stone we prize considerably, is 
quartz colored by oxide of manganese. Cairn- 
gorm is also a colored quartz. Chalcedony, Opal, 
Agate, Flint, Jasper, are all varieties of quartz. 

2. FELSPAR. — The varieties of felspar are many, but 
they are all slicates of alumina with potash, 
soda, or lime added. The felspars decompose 
rather easily, giving rise to Kaolin. The finest 
pottery is made from Kaolin, Kaolin itself being 
merely a decomposed felspar. 

The lath-shaped crystals seen in thin slices of 
Basalt from Bathurst are felspars. The glisten- 
ing rectangular crystals in the Bowral Syenite 
(Trachyte of the builders) are also felspars. 
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8. MICA — The shining scales found in river sands are 
usually one of the micas. All micas have a very 
perfect cleavage. The thin leaves or plates of 
mica are flexible and elastic. A plate of . mica 
shows its elastic properties when slightly bent, as 
it springs back to its former position. Plates 
and scales of Talc, which somewhat resemble 
mica, show no elasticity, and when slightly bent 
remain bent. The two more important varieties 
of mica are Muscovite and Biotite. Muscovite is 
usually of a silvery- white color, while Biotite is 
usually black or dark green. Partly decomposed 



Fig. 14. — Microscopic section showing flow-structure of lath- 
shaped Felspars in Basalt. 

and altered Muscovite, such as is found in river 
sands, is of a golden yellow color. 

4. HORNBLENDE. -Hornblende is one of the con 
stituents of Diorite, and au important rock- 
forming mineral. It is nearly, but not quite so 
hard as felspar. Its color is usually a greenish- 
black. 

To distinguish between quartz and felspar is very 
often a beginner's diflSculty. The general reader may 
be so far interested as to desire to recognise felspar as 
a constituent of granite, or even to separate that 
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mineral from quartz. The following tabular statement 
may prove a help. 



QUARTZ 

is very hard ; 

it easily scratches glass ; 

is Dot scratched by a knife ; 

shows on breaking no flat and 
lustrous faces, due to cleav- 
age; 

is infusible ; ^ 

is insoluble ; 

does not easily decompose ; 

is glassy looking ; 

breaks with rounded faces ; 

is usually transparent ; 

has a non-metallic lustre. 



FELSPAR 

is not so hard as quarts ; 

does not easily scratch glass ; 

is barely scratched by a knife ; 

on breaking shows flat and 
lu9trou8 faces, due to cleav- 
age; 

fuses with difficulty ; 

decomposes into Kaolin ; 

has rather a pearly than 
glassy look ; 

breaks with flat faces ; 

is translucent, but usually 
somewhat turbid ; 

has a non-metallic lustre. 



5. AUGITE. — Augite is not far removed from Horn- 
blende. It is a very abundant and important 
rock-forming mineral. In color it is green to 
black, and although an essential constituent of 
Basalt, is not often visible to the unaided eye. 
In some basaltic districts, crystals of augite are 
found amongst the decomposed rock material in 
short prisms. 

As Mica is the third constituent of Granite, and 
Hornblende is also a constituent of most Australian 

1 Infusible in an ordinary blowpipe flame ii^ithout any flux. With carbonate of 
soda as a flux, quartz fuses before Ihe Uowpipe 
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granites, the following table may prove of use; — 



HORNBLENDE 

does not occur in thin leaves 
and plates; 

is not elastic or flexible ; 

is usually found with crystal- 
line faces in granites and 
diorites ; 

is scratched with difficulty by 
a knife; 

is usually greenish-black, 
black or brown ; 

not transparent or trans- 
lucent. 



MICA 

is usually in thin lustrous 

leaves or plates ; 
is mostly transparent ; 
is elastic and flexible ; 
the thin leaves can be split 

up into thinner leaves ; 
Muscovite is silvery- white 

mica ; 
Biotite is a dark green or 

black mica ; 
the plates can be very easily 

scratched by a knife ; 
some decomposing micas in 

river sands are golden- 
yellow. 



6. OLIVINE,— Olivine is also a constituent of Basalt, 
and may oftentimes be noted in that rock with 
the unaided eye, as rather glassy-looking crystals 
of a very dark olive-green, sometimes almost 
black. When Olivine is transparent, it is used 
as a gem stone, and is then known as Chrysolite. 

7« CALCITE. — Calcite is a most abundant mineral, and 
the only common mineral that is rapidly attacked 
even by cold and weak acids. When acids act 
upon calcite, carbon-dioxide escapes with effer- 
vescence. When calcite is pure it is known aa 
Iceland Spar, and is then transparent. 
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The cleavage of calcite is very perfect, the 
mineral breaking up into crystals always showing 
two or more perfect faces of % rhombohedron. 

Nearly all natural waters hold some carbon- 
dioxide in solution, and in that condition these 
waters can dissolve limestones. 

The vast masses of limestone that occur in the 
crust of the earth consist, for the most part, of 
Calcite or carbonate of lime. 

Iron Pyrites is a compound of Sulphur and Iron. 
Barite is a compound of the element Barium and Sulphuric 
acid. 

Oypsum is a compound of the element Calcium and Sul- 
phuric acid and some combined water. 

Limestone is a compound of Lime and a gas — Carbon dioxide. 
Lime is a compound of the element Calcium and a gas — 
Oxygen. 

8. MAGNETITE.— Magnetite is the black oxide of iron. 

It is widely diffused through rocks in grains, 
veins and beds. The mineral is strongly magnetic. 
A magnet passed through clays, arising from the 
decomposition of basalt, will usually collect some 
grains of magnetite. 

9. HiBMATITE. — Haematite is known as ferric oxide. 

Its color is black or steel grey, but the mineral 
is always red or reddish when finely powdered. 
In other words, haematite gives a red streak. The 
ironstone bands in the Hawkesbury Sandstone 
are mostly impure hsBmatite. 
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10. LIHONITE. — Limonite is sometimes known as brown 
hsematite. It is softer than haematite, and in 
color is yellow or brown. 

The three more common iron-minerals can be 
compared as follows : — 



MAGNETITE 

is magnetic ; 

streak is black ; 

is very hard ; 

is not scratched by 
a knife ; 

is black ; 

is mostly in crys- 
tals; 

is a constituent of 
basalt. 



HEMATITE 

is not usually mag- 
netic ; 

streak is red or red- 
dish ; 

not as hard as mag- 
netite ; 

is brown or brown- 
red ; 

sometimes in crys- 
tals; 

never a constituent 
of basalt 



LIHONITE 

not magnetic ; 
streak yellow ; 
very soft ; 
yellowish in color ; 
never in crystals ; 
never a constituent 

of basalt ; 
gives off water when 

heated in a glass 

tube. 



We can now turn to the rocks composed as they 
are of the minerals described. In order to spend any 
time profitably in the study of rocks we must begin 
by seeing and handling the rocks themselves. This is 
essential. There should be no difficulty in procuring 

1. A piece of sandstone. 

2. A piece of granite. 

3. A piece of basalt. 

4. A piece of limestone. 

The specimens need not be more than one inch 
square ; but, if possible, they should be in convenient 
cabinet size, say 4J by 3 by 1 inch. 
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Take a specimen of Sandstone^ Granite^ Basalt^ 
and Limestone^ and place these rocks side by side. 
Examine them carefully^ using a pocket lens if neces- 
sary. At first sights possibly^ a beginner may think 
that there is very little to distingnish one stone from 
the other. But he soon discovers that the rocks before 
him differ in many ways in their characters^ and 
that certain qualities observable in one are absent 
from others. For instance^ they differ in hardness, 
color, texture, and in their composition and mode of 
origin. 

In order to classify rocks, we must decide on some 
Basis of Classification. It has been found that no 
serviceable classification can be based on the color or 
the texture of rocks. The specimen of sandstone is 
white, but sandstones are often grey and red. Basalt 
is black or blue-black, and some limestones are also 
black. Neither does a classification depending on 
texture serve any useful purpose, as sandstones, basalts, 
and granites vary much in texture. We, therefore, fall 
back on the composition and the mode of origin of 
rocks to give us a basis of classification. 

A student will, with very little trouble, note the 
following characters in the sandstone : — 

1. Sand stone is made up of numbers of small grains. 

2. The grains are held together by a* cementing 

material. 

3. The grains are seen to be rounded and worn, not 

angalar and sharp. 
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Fi(4. 15. — Excavation showing a Basaltic Dyke, at Canterbury, 
near Sydney. 
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4. When separated from the rock the rounded grains 

differ in no way from grains of sand. 

5. Sandstones will often show other minerals besides 

sand grains. Silvery spangles of a mineral called 
mica can be detected. 

6. Sand is nothing more than broken particles of rock, 

mostly quartz, worn or abraded so as to become 
more or less rounded. 

7. When this sandstone is examined in a railway 

cutting or in a cliff, it is found to rest in layers, 
and the rock splits easily along these layers. 

8. If the sands of a river-bed or of the sea-shore were 

hardened into a solid mass, this would differ in no 
way from our sample of sandstone. 

9. Geologists can prove that sandstones were once 

sand, and that this sand was carried by running 
water to the sea, and settling down, layer above 
layer, on the sea bottom, became hardened into 
sandstone. 

10. The sandstone before us was broken by a geologist 

from a mass of work many hundred feet above the 
level of the sea. As this sediment, now hardened 
into sandstone, was once spread out over the 
bottom of the sea, it will be for us to inquire into 
those movements of the crust of the earth that 
have lifted a portion of the country from below 
sea level to a position many hundred feet above 
the sea. 

11. Without any further examination we are able to 

say that— Sandstone is a rock made up of 
rounded particles of other rocks or 
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minerals. It was formed under water, ^ 
and when massive is seen to be arranged 
in layers more or less parallel. 

Now take the piece of granite. Note how very 
different it is from the sandstone, both in texture and 
in the kind of minerals it is composed of. We find 
that — 

1. Granite contains no rounded grains. 

2. There is no cementing material, the various minerals 

being compressed and knitted together. 
3« If a piece of granite is ground level on one side, or 
if a polished slab is examined, three and often 
four separate and very different minerals can be 
seen as the materials that go to form granite. 

4. These minerals are all angular, are not arranged in 

any definite order, and evidently were originally 
formed just where we see them. 

5. The minerals that form granite are — 

Quartz, which is seen as clear, glassy grains, but too 
hard to be scratched by a steel point. * 

Felspar, which lies in fairly well defined rectangular, 
grey-white or flesh-colored crystals, and which 
reflect light from their faces. Felspar can be 
scratched by a steel point. 

Mica is seen in lustrous plates which easily split into 
very thin leaves. Mica is in color often silvery- 
white. One species is a deep and shining black, 
but which changes to a brass-yellow when altering 
or decomposing. 

1 There are sandstones other than those formed under the sea. Some sandstones 
were laid down on the bed of great inland lakes, or in the waters of an estuary. 
Blown sand and volcanic dust form rocks on dry land resembling ordinary sand- 
stone. 

2 The point of a penknife blade may be made to act as a steel point. 



Digitized by 



Google 



EocKS. 63 

HomblendO is a oonstituent of many Australian 
granites. This is a blackish-green mineral, which 
may be distinguished from the mica in the same 
rock by its not splitting into thin leaves. 

6. When granite is examined in the field it is seen to 

have intruded dykes, veins, and tongues of its 

own material into the rocks above and around it. 

This proves a former liquid or plastic condition. 

There is abundant evidence to show that this 

former condition of granite was altogether due to 

heat. 



f 






PiQ. 16.— Texture of ordinarj Graxdte. 



7. Getting results togetlier, we are able to say that 

Granite is a fire-formed rock made up of 
three distinct crystalline minerals, quartz, 
felspar and mica, with a fourth mineral, 
hornblende, often present. 

The student most not conclude that because granite wsa in a molten condition 
water could not also be present. Dry heat, such u we see in furnace operations, 
has left proof of its efftct upon rocks. Qeologists, however, recognise heat of 
another kind— that is, heat in the presence of moisture or superheated steam 
under great pressure— a* having played a more important part in the n aking of 
rocks. 
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When the piece of basalt is examined in the same 
way as the sandstone and granite, a very decided 
difference is apparent. Few, if any, individual minerals 
can be seen without the help of a lens. The contrast 
in this respect with the other rocks is in itself 
characteristic. If a piece of basalt is polished, or if a 
thin slice is cut and examined under the microscope, 
quite a number of minerals are seen to make up the 



Fio. 17.— A thin slice of granite as seen under tht microscope. 
The rectangrular crystals are felspar, the dear mineral is 
quartz, and the shaded portions represent mica. 

mass, but quartz, which was so prominent in sand- 
stone and granite, is absent. One can hardly help 
noting the almond-shaped cavities common in basalt, 
and these resemble in more ways than one the steam 
cavities we find in lava. On comparing our specimen 
with a lava from Vesuvius or Mt. Etna, for example, 
the resemblance is so complete we at once conclude 
that basalt is a lava. When basalt is studied in the 
field, we learn that it flowed into the position it 
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now occupies. When, as often happens, it cuts up in 
wall-like masses, through granite, slate, sandstone, or 



FiQ. 18. --Mount Victona Pass, Blue Mountains, showing how the 
stratified sandstones are cut under by Atmospheric agencies. 

beds of coal, we observe that it leaves traces of its 
fiery origin by baking the adjoining sandstones, and 

02 
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burning the coal it comes in contact with in its 
upward course. There can be no doubt basalt was 
once molten, and that it flowed from some old and 
perhaps long extinct volcano. We are now able to 
say that Basalt is a fire-formed or igrneous rock, 
which welled up througrh some crack in tne earth's 
crust or fiowed from a volcano, and is an intimate 
aggregate of several minerals. 

We take the limestone next, and may bear in 
mind that we are dealing with one of the most in- 
teresting and important of all rocks. Limestone is a 
greyish or bluish rock, sometimes white, sometimes 
black or brown. The texture is fine and close grained, 
but may show a crystalline structure not unlike loaf- 
sugar. On examining a number of specimens you are 
sure to find embedded in the stone some remains or 
traces of sea-living animals. As a rule, a general 
examination will tell us nothing more. The chemist 
and the geologist come to our assistance here, and we 
are told that chalk, marble, and common limestone are 
mere varieties of the same stone, and that they are of 
the same chemical composition as sea shells and coral. 

Let the student now take a piece of coral or a sea 
shell, and note that both can be scratched with a knife, 
giving a white powder. Lift a drop of strong 
hydrochloric acid^ on a glass rod and carefully transfer 
the acid to the shell. Observe that the acid effervesces 

1 Hydrochloric add must be handled with caution and kept in a glass-stoppered 
bottle, labelled poison. It is very destructive to clothes, and a valuable lesson will 
be learned by trying the effect of a few drops of the acid on a worn out coat 
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or " boils up ** freely. Place a drop of the acid on 
granite; there is no efEervescence. Place a drop of the 
acid on your specimen of limestone, and see that it 
effervesces just as in the case of the shell. 

There must be something in common then between 
shells, coral, and limestone. The fact is, that all three 
are composed of calcite* 



Fia. 20.— A piece of limestone made up almost entirely of the 
remains of marine animals. Rocks of this kind are com- 
mon in Australian Silurian Limestones, as ut Gave Greek , 
Orange, New South Wales. 

From a geological standpoint calcite is a mineral 
of the first importance, being the sole essential con- 
stituent of all limestones. Calcite is the only common 
mineral effervescing freely with cold hydrochloric acid, 
and limestone is the only rock that will effervesce freely 
with cold hydrochloric acid. This behaviour with 
hydrochloric acid is a geologist's rough test for lime- 
stone, marble, and calcite. Why these rocks effervesce 
with the acid is simple enough. Chemically, limestone 
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or calcite is a compound of lime and carbonic acid gas. 
The hydrochloric acid seizes on the lime so eagerlj 
that the other constituent is set free and escapes as 
babbles of gas. 

Coral reefs are vast masses of limestone now in 
course of formation. A piece of compact limestone 
taken from a coral reef would answer to each of our 
tests given above. There can be no doubt, therefore, 
that limestones are formed, under water, for the most 
part by the agency of living things, and limestone is 
therefore said to be an aqueous rock of organic origin. 

We can summarize our knowledge in this way : — 
Sandstone, 

is made up of rounded grains, and shining spangles of 

mica, 
the grains are held together by a cement, 
the grains are quartz and do not differ from ordinary 

sand, 
the rock is arranged in layers or strata, 
the sandstone once formed a sediment at the bottom of 

the sea, and is therefore said to be a Sedimentary 

rock. 

Granite, 

is not made up of rounded grains. 

is a fire-formed or igneous rock. 

is made up of angular and partly crystalline particles 

of quartz, felspar, mica, and often hornblende, 
these minerals are interlaced and imbedded in each 

other, and hold together without a cement. 
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Basalt, 

is an intimate and compact mixture of many minerals. 

is a rock without any quartz grains. 

does not differ from the lava now poured out by 

some volcanoes, 
has abundant vesicles caused by steam while yet molten, 
an examination in the field shows that basalt flowed 

down old valleys as a lava stream, 
it charred wood, and baked sandstones and burnt 

coal, 
many cooled and hardened streams of basalt can be 

traced to the mouths of old and extinct craters. 

Limestone, 

is fine grained. 

is a water formed and Aqueous rock. 

will effervesce with acids. 

is made up of the same material as coral, and the 

shells of sea creatures, 
is often a mass of shells cemented together by a base 

or matrix of shells ground up more finely. 

We are now in a position to utilize the facts we 
have learned for the purposes of classifying rocks. It 
is at once apparent that there are two great classes of 
rocks — the Aqueous and the Igneous. Later on we 
shall learn that geologists are acquainted with a third 
class of rocks which originally might have been Igneous 
or Aqueous, but. at present are so altered from their 
original condition, that they are termed Metamorphic. 
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AQUEOUS ROCKS.— Rocks of Aqueous origin 
are divided into classes accordingly as they were 
formed by 

(a) the mechanical power of moving water ; 

(b) the intervention of some chemical agency ; or 

(c) by the help of plants or animals. 

Rocks formed by the mechanical force of moving 
water are simply consolidated deposits of mud, sand, 
gravels, or shingle. These deposits were brought down 
by a river to an estuary or sea, or were produced by the 
action of the sea in wearing away a coastline. The 
denuded material is swept away into less troubled waters, 
where it is laid down to form rock. In the course of 
time pressure alone, or pressure aided by chemical 
action, will consolidate the sand to sandstone, and the 
loose gravel to conglomerate, while the finer materials 
will settle down and form a shale or a slaty claystone. 

Aqueous rocks that owe their origin to some form 
of chemical action are exemplified in many of our 
limestones, particulariy in the '^formations" seen in 
limestone caves. Bands of ironstone that are seen in 
stratified rocks are also due to chemical reactions. 
Water holding carbonic gas in solution (most natural 
waters hold this gas dissolved) is able to dissolve 
limestone. This carbonate of lime or limestone will 
be held in solution only so long as the requisite 
carbonic acid gas is present. Directly the carbonic acid 
gas, from any cause, passes off, the carbonate of lime is 
dropped down as a fine white precipitate. Some 



Digitized by 



Google 




Fig. 21.— Stalactites, Jenolan Caves, New South Wales, showing 
a cavern formed in limestone by the solvent action of water, 
and the deposition of carbonate of lime (stalactites) from 
solution. 
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springs, rising from great depths, contain a large 
quantity of mineral matter in solution. A considerable 
part of this material (carbonate of lime chiefly) is 
deposited when the water reaches the surface. If by 
any means the carbonic acid gas is removed or broken 
up, a further quantity of the dissolved carbonate of 
lime is deposited, and, if the water should evaporate, 
the whole of the dissolved materials will remain and 
settle down on the bottom, layer upon layer. Fresh- 
water limestones are formed in this way near Bun- 
gonia, and near Oooma, New South Wales. Stalactites, 
that form so marked a feature in limestone caverns, 
are familiar examples of Aqueous rocks formed by 
chemical agency. Water with carbonate of lime in 
solution drops from the roof of a limestone cave. 
Each drop, as it falls to the floor, partially evaporates, 
and leaves a thin crust of limestone, which grows a 
little with every drop, so that in time a column of 
this carbonate of lime or limestone rises from the 
floor to meet a pendant of the same material, formed 
in a similar way on the roof of the cavern. 

A third class of Aqueous rocks is formed from 
the fragments of plants and animals, and is therefore 
said to be organic. Coal is a rock composed for 
the most part of vegetable remains. Chalk, which 
occupies great areas in Europe, is made up almost 
entirely of foraminiferal shells, so minute as to be 
visible only under the microscope. A common variety 
of limestone has been formed by the continuous growth 
of corals, cemented into a solid rock by fragments of 
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broken coral, shells, and mud washed into the inter- 
stices between the growing branches. Coral reefs are 
really great beds of limestone now in course of forma- 
tion. Vast beds of limestone are found in Australia, 
and also in the old world, consisting almost entirely 
of the calcareous joints of marine creatures known as 
crinoids or sea-lilies. See Fig. 20. 

IGNEOUS ROCKS. — If one great group of rocks 
had an aqueous origin, it is equally certain that another 
great group of rocks was formed by fire, and is 
therefore called Igneous, Some of the fire-formed 
rocks cooled and hardened deep down in the earth, 
"or sometimes, perhaps, under a certain weight of 
superincumbent ocean." ^ These are known as Plutonic 
rocks. Other fire-formed rocks were forced from the 
interior of the earth to the surface, and were poured 
out for the most part as great molten streams of lava 
from the craters of volcanoes. Basalt, usually called 
"blue metal," is a type of volcanic rock very common 
in Australia. Great sheets of basalt are found all along 
the flanks of the dividing range, from Mount 
Kosciusko to Cape York, and every sheet is an ancient 
lava stream that poured as a river of molten rock from 
the fiery crater of some long extinct volcano. 

The Igneous rocks owe their origin to heat, they 
being at one time in a state of fusion. When this 
molten matter cooled deep down in the earth the result 
was a rock of a crystalline structure resembling granite, 
and rocks of this class are called Plutonic,^ Often the 

1 Lyell's Elements of Geology, p. 7. 

2 From Pluto, the ruler of the regions of fire. 
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molten matter is forced to the surface along cracks and 
fissures, and may be poured out as a lava stream from 
the mouth of a volcano ; such rocks are on that account 
called Volcanic. Igneous rocks do not occur in any 
particular order, and are not confined to any par- 
ticular age. Wall-like masses of Igneous rocks are 
found in Aqueous rocks of all ages. They are known 
as dykes, and represent fissures or lines of weakness, 
along which the molten matter was forced from below. 
Some of these great cracks may have been produced 
by the alternate subsidence and elevation of the land. 

METAMORPHIC ROCKS.— There is yet another 
group of rocks called Metamorphic that go to make up 
the crust of the earth. These are rocks that resemble the 
Aqueous, inasmuch as they show some signs of stratifi- 
cation, while in their internal structure they resemble 
the Plutonic Igneous rocks. Modern research has 
shown that the Metamorphic rocks were originally 
either Igneous or Aqueous, but have, since they were 
first formed, undergone changes that altered their 
structure. In this way some rocks that were formed 
under water have been so altered by heat that they 
show some features characteristic of Igneous rocks, 
and rocks of undoubted igneous origin are found 
occasionally to have developed a bedded and banded 
structure suggestive of stratified Aqueous rocks. 

The rocks, then, which go to make up the crust 
of the earth may be divided, according to their origin, 
into three groups — the Aqueous, the Igneous, and the 
Metamorphic. The Aqueous rocks were formed under 
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water either by ocean currents or rivers carrying 
along sediments and depositing them in layers, or by 
some chemical reactions, or by the intervention of 
organic life. In tabular form the divisions stand 
thus : — 

Clay, shale, flagstone. 



Rocks 
of Aqueous 
origin. 



T. Sedimentary 



Rocks 

of Igneous 

origin. 



II. Organic 



III. Ohemica] 



I. Volcanic. 



II. Plutonic. 



Sandstones. 
Conglomerates. 

(Limestones. 
Coal. 

Rock-salt, some limestones. 

Flint. 

Gypsum, &c. 

'Lavas, Basalt, 
Volcanic Ashes, &c, 
I Diorite. 
I Granite. 



Metaraorphic. 
Rocks of 
Aqueous or 
Igneous origin. 



^Marbles. 

Some slates. 

Various kinds of schistp. 

Gneiss, <fec. 

In the districts referred to in this book the 
following rocks occur : — 

Basalt : Dykes about Sydney. 
Dolerite : at Prospect 
loKBons Rocks { Basalt : Mount Hay, Mount Tomah, and 
Mount King George, Bathurst and 
Orange. 
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Diorites: near Jenolan Oaves, near 

Locksley, Lagoon Road, Bathurst, T. 

Delaney's farm six miles west of Mt. 

Victoria. 
Andesites : Canoblas, near Orange. 
Trachyte : Oanoblas, near Orange. 
Syenite : Bowral. 
Granite : Cox River, Bath urst, Locksley, 

Tarana. 
Porphyrite : Oowra. 
Qabbro : Carcoar. 
Porphyritic Granite : White Rock, near 

Bathurst, Locksley. 
Felsite : T. Delaney's farm near Mt. 

Victoria, Sunny Corner, Carcoar 

Railway Station. 

Sandstones : Sydney and the Mountains. 

Shales : near Sydney. 

Slates : Jenolan Caves, Orange, JNew- 

bridge (true slates, such as roofing 

slates, not known). 
Limestone : Jenolan Caves, Limekilns, 

Molong. 
Conglomerates: the Mountains, and in 

the Coal Measures. 

' Hornfels : Bathurst. 
Serpentine : near Orange. 
Schists : Cow Flat, near Bathurst. 
Marble : Jenolan, Belubla River, Cow 

Flat, Rockley, Limekilns. 
Talcose Slate : Rockley. 
Kaolin : Bathurst. ^ 

Quartzite : Bald Hills, Bathurst. Altered 
Sandstones near Sydney, Mt. Lambie. 

1 It is open to question whetiier Kaolin may be classed as a Metamorphio rock. 
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A MORE COMPLETE LIST OF ROCKS OF 
AQUEOUS ORIGIN IS AS FOLLOWS:— 

List of Mechanically Forked Rocks. 



Arenaceous 

or 

Sandy. 

Argillaeeous 

or 

Clayey. 



'Gravel and Rabble when loose; Con- 
glomerate and Breooiawhen compacted. 

Sand and Silt when loose; Sandstone, Flag, 
stone and Gritstone when compacted. 

Mud, Clay, Marl, and Loam when soft ; 
Shale, Mudstone, Clay-rock and Slate 
when indurated. 



List of Organically Formed Rocks. 
Carbonaceous. {Peat, Lignite, Coal, Anthracite, Graphite. 

Calcareous T Limestone and its varieties — Compact, 
or Crystalline, Chalky, Oolitic, some 

Lime-bearing. Dolomites, and Globigerina ooze. 

Siliceous or (Radiolarian rocks. Chert and Diato- 
Quartz-bearing. ( maceous rocks. 

List of Chemically Formed Rocks. 

Siliceous. {Flint, Chert, ^ Sinter. 

(Travertine, Stalactites, Stalagmite, Cal- 



Calcareous. 



( careous nodules, and concretions. 



1 Fine-grained argillaceous sedimentary roclcs occurring in the Goal-Measures 
are sometimes called cherts. 
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CHAPTER V. 
GEOLOGICAL SEQUENCE OF ROCKS. 

THE ROCKS NOT IN CONFUSED MASSES — THEY OCCUR IN 
A DEFINITE ORDER — OLDEST ROCKS OF THE MOUNTAINS 
^THE TRUE SEQUENCE OF THE STRATIFIED ROCK& 

Up to the present we have been considering of 
what materials rocks are made, as well as, how these 
materials were brought together. We now touch on 
the question when and in what order they were formed. 
The stratified rocks are not a confused mass ; on the 
contrary, they occur in a definite series, and it is proved 
satisfactorily that this order does not vary, although one 
or more members of the complete series may be wanting. 
Imagine a dozen copies of the same historical 
volume scattered about a room. Each volume, let us 
suppose, is imperfect. Chapters are missing here and 
there ; they have been torn out, or perhaps were never 
bound up with the volume. Although a chapter 
is absent now and again, the order of the chapters 
does nob vary. Chapter X. always comes after Chapter 
IX., or, if the ninth chapter is missing, after Chapter 
VIII. In the same way Chapter XX. always follows 
Chapter XV., even though more than one chapter may 
be wanting between. By a diligent comparison, how- 
ever, of the difierent volumes, a correct and continuous 
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history can be made out The parts absent from one 
Yolome will be found present in another. Just in the 
same way — ^although nowhere on earth are the whole 
chapters of the geological record present in a continued 
succession — ^we can, by comparing the succession shown 
in various parts of the world, construct one complete 
record. Strata are missing here and there, but the 
order of the chapters does not vary in the great stone 
book of Nature. In Fig. 22 we have a sequence 
of the stratified rocks, with some of the best known of 
our formations, placed in their true position* 

At Burragorang, Permo-Carboniferous rocks are 
lound resting directly on Granite; the Devonian, 
Silurian, and Cambrian being absent. 

Around Sydney, Triassic rocks form the surface 
of the country, and representatives of the Jurassic, 
Cretaceous and Tertiary periods, which should be 
present to complete the series upwards, are absent*. 
Near Wilcannia, Cretaceous rocks rest directly on 
Devonian sandstones, Jurassic, Triassic, Permian and 
Carboniferous being all absent. The succession, how- 
ever, never varies, and having decided this order or 
succession, we divide the whole series of Stratified 
rocks into three great groups. 

As each great group has fossils peculiar to itself, we 
are thus enabled to recognize identical formations, 
even when they are many miles apart. We can do this 
by observing the similarity of the contained fossils. 

As an illustration, it may be safely said that if a 
geologist discovers the fossil fern shown in Fig. 40, he 
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Great alluvialplains of the interior. 

Alluvial deposits overlain bv 
Basalt. ^ 

Marine beds under the Pleistocene 
Arumpo.i 

Fre^-water beds with fossil pUnts, New 

England. 
No marine beds known east of the Great 

Di^ding Ranffe in New South Wales 

or Queensland. 

White CliflFs opal fields, and a 
large area in the North- West 
of the colony. 

Sandstones with Fossil Fish, north 
of Gulgong. 

Hawkesbury Sandstone, Narrabeen Shales, 
and the Shales around Sydney. Arte- 
sian water-bearing strata of the 
interior. 

The Coal-bearing beds at Newcastle, Lith- 

Sow, and Bulli are classed as Permo- 
arboniferous. 

The series of bedded sediments 
about Stroud. 

tft. Lanibie Sandstones, Wittogoona 
Sandstones, stretching west to Wil- 
cannia, Sandstones on North-West 
shoulder of the Canoblas. 

limestones of Jenolan Caves, Mo- 
long, and Yass. Clay slates of 
Cobar district. 

Tot known in New South Wales. Caroline 
Creek (Tas. ) , Yorke's Peninsula (S. A. ). 
and Kimberley (W.A.) 

J'ot known in New South Wales. 



Fig. ^.—Succession of Stratified Rocks in New South Wales. 

1 Geologists are not unanimous in deciding whether these beds are 
Eocene or Miocene. 
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at once concludes that the rocks around him are Car- 
bonif erou& And if he found the fossil, represented as 
it appeared when growing, in Fig. 4, he would feel 
certain the rocks around him were Mesozoic, and 
probably Triassic. In the same way the presence 
of the Spirifers shown in Figs. 56 and 57 would point 
to Devonian beds. Finally, no geologist finding the 
fossil fern shown in Fig. 38 would for a moment 
doubt, in New South Wales at any rate, that he was 
dealing with Permo-Carboniferous rocks. 

We now come to see the meaning and the impor- 
tance of clutracteristic foasiU, any one of which is 
almost sufficient to identify the formation in which 
it occurs. 

Principal Australian Sedimentary Formations, with some 
Characteristic Fossils. 



( 



o 
o 



> 

2fe 



> 

< 



Recent.. 



Plkistocene.. 



Pliocene.. 



Miocene . 



Eocene.. 



(Human bones and implements ; re- 
mains of plants and animals of living 
species ; Dinomis, Aptomis, Omitho- 
rynchus, 

( Diprotodon, Macropus, Thylacoleo, 
Thylacinus, Notiosaurus, Megalania, 

\ Dromornis, Echidna, Meiolania, 
Palorchestes, Dromaius, Mytilus, 

\ Sipbonalia. 

/ Spondylostrobus, Wilkinsonia, Pen- 
I teune, Plesiocapparis, Unlo, Rotella, 
j Pleurotoma, Pecten, Pileopsis, Lu- 
] cina, Limopsis, Pectunculus, Mesa- 
lia, Triton, Murex, Echidna, 
\ Meiolania. 

Squalodon (regarded by some as 
Eocene), Trigonia, Terebratula, Cly- 
peaster, Lovenia (also Eocene), 
Columbella (also Eocene), Pectun- 
culus, Pelicaria, Struthiolaria, Nati- 
ca, Mytilus, Ostrea, Turritella, Corals 

Fagus, Quercus, Cinnamomum, 
Pteris, Insects, Limopsis, Voluta, 
Cypraea, Dentalium, Cardium, Trigo- 
nia (3 sp.) Murex (upwards 30 sp.), 
Triton, Mitra, Fusus, Pleurotoma, 
Natica, Cerithium, Turritella, Wald- 
heimia, Chione, Aturia, Terebratu- 
LUna, Trachyphyllum. 



Digitized by 



Google 



The Sandstones. 



85 



> 


r 


^% 




9 Q 




g 2 






^ 


BB pq 


o 


O 


^ 1 




H 



{Icthyosaanis, Plesiosaorus, Am- 
monites, Belemnitea, Cidaris, Avien- 
la, Trigonia, Baculites, Otodus, 
Cinfliosaurus, Mactra, Inoceramus 
^Maccoyella. 

{Tazites, Taaiopteria, Thinnfeldia, 
Podozamitet, Sphenopteris, Lepto- 
lepis, Coccolepis, Aphnelepis. 
> Tseniopteris, Sagenopteris, Cycad- 
opteris, Aletbopteris, Macrotani- 
opteris, Sphenopteris, Pecopteris, 
Teanpaulia, Podozamites, Bquisetum, 
Oleandridium. Otteiia, Schizoneura, 
Ginkgo, Zamites, Thinnfeldia, Phyl- 
lotheca, Piatyceps, Unionella, £&• 
theria, Tremanotus, PalaBoniscas» 
Myriolepis, MastodonsauruSi Unio, 
^Pnstisomus, Cieithrolepis. 



Triassic or Trias-Jura 



< 
Pu 



o 

s 



Fbrmo-Carbomifbrous 



Carboniferous 



1 



f Glossopteris, Phyllotheca, Verte- 
braria, Sphenopteris, Annularia, 
Spirifer, Pachydomus, Productus. 

• Orthoceras, Conularla, Martiniousis, 
Eurydesma, Platyceras, Leaia, Can- 
ramopteris, Aviculopecten, Notomya, 
^Sanguinolites. 

{Rhacopteris, Lepidodendron, Cala- 
mites, ArchaBopteris, Sirillarla, Loxo- 
nema, Euomphalus, Spirifer, Orthis, 
Leptaana, Phyllotheca, Fenestella, 
(Lepidodrendon. Cyclostigma, Spi- 
rifer, Rhynchonella, Atrypa, Orthis. 
Orthoceras, Asterolepis, Pteronites, 
Murchisonia. 

f Atrypa, Pentamerus, Halysites, 
Graptolites, Phacops, Bronteus, Caly- 
mene, Cyathophvllum, Spirifera, 
Didymograptus. Lingulocana, Lin- 
gula, Macophyllum, Stromatopora. 
Favosites, Heliophyilum, Phillipsas- 
trea, Rhizophyllum, Columnaria, 
Petraia, Lichas, Syringopora, Cyclo- 
nema, Bellerophon, Palaaaster, Niso. 
Trochus, Asaphus, Beyrichia, Cyph- 

^aspis. 



Silurian . 



Cambriah 



(Conocephalites, Dolichometopus, 
Dikelocephalus, Dinesus, Olenellas, 
Salterella, Orthisina, Leperditia. 



It should be plain now, why it is that geologists 
strive so earnestly to become possessed of fossils, and 
also why it is that, notwithstanding all the refinements 
of laboratory methods, the hammer, after all, typifies 
the true vocation of the geologist. The views of a 
modem writer — ^Dr. Norman Steele — ^in this oonneo- 
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tion, are very suggestive. He remarks : — " Each 
formation possesses its peculiar fossils. This similarity 
obtains in a great degree over the entire world. 
Thus, the identification of fossils is the identification 
of formation. We can, therefore, understand with 
what eagerness they are gathered and preserved. 
Fragments, which the ignorant would spurn from his 
feet, are invested with as high an interest as the 
obelisks of Egypt or the sculptures of Nineveh. The 
antiquarian pores over these with intense enthusiasm, 
seeking to read the history of a few thousand years. 
The geologist bends with equal delight over the forms 
and impressions on the rocks, seeking to gather infor- 
mation with regard to a pctst, compared to the 
duration of which the chronology of man is but as the 
moments of yesterday. The print of a leaf, a 
petrified shell, a tooth, the fragment of a bone, a fish- 
scale even, may serve to unriddle the most puzzling 
problem. Rough and mutilated though the fragments 
may be, to the educated eye they embody a tale as 
legible as any sculpture or hieroglyphics, and far more 
comprehensive. That tiny stem, a mere discoloration 
on the rock, once floated as sea- weed on the waters; 
that reed once luxuriated in a primeval marsh ; that 
delicate rock impression was a fern that once waved 
in the sunshine ; and that simple leaf, now only a film 
of coal-like matter, sparkled with the dew of heaven 
as certainly as the tender herb is cherished by the 
dew to-day, or existing verdure grows to beauty in 
the sunlight. Every trace then becomes a letter, 
every fragment a word ; every perfect fossil a chapter 
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Pig. 23, — Natural section near Jenolan, New South Wales, showing 
horizontal stratification of Permo-Carboniferous rocks. 



Digitized by 



Google 



Digitized by 



Google 



SsQusNcs ov Bocks. 89 



in the world's history. Each tells of races that lived, 
maltiplied and died, of the lands that were tenanted, 
and waters thronged with life — so oft-repeated, again 
and again, that the mind, at first excited by the 
marvels, at last grows weary and loses itself in the 
contemplation of the works of the Infinite Creator." 

Glancing at the succession of strata as shown in 
Fig. 22, it will be seen that the oldest rocks on the 
Mountains are the Silurian slates and limestones. 
Next in order of age come the Devonian sandstones 
of Mount Lambie, and the Canoblas. The Permo- 
Carboniferous are seen to be newer than the 
Devonian, and newer still are the Hawkesbury Sand- 
stones, these last being of Trias^ic age. Much more 
recent than the sandstones is the basalt that caps 
Mount Hay, Mount Tomah, and Mount King George. 
This basalt was poured out subsequent, of course, to 
the formation of the sandstone, and before any of the 
Blue Mountain gorges were eroded. The basalt is 
therefore, geologically speaking, comparatively recent. 
So that between the formation of the sandstones and 
the out-pouring of the basalt there are many chapters 
of the geological record missing. In other words, no 
traces of Cretaceous, Eocene, Miocene, or Pliocene 
rocks remain on the Blue Mountains, if they ever 
existed. 

The succession of strata, as illustrated in Fig. 22, 
refers to New South Wales only. The geology of 
New South Wales cannot, however, be separated from 
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the geology of Australia^ and therefore I think it well 
to introdace here a table showing the general suc- 
cession of Aostralian stratified rocks. 

TABLE. 

Showino thb General Succession of Australasian 
Strata. 



Stbtem. 



Sou TmoAL Exaxplks. 



BlCKllT. 



Plbiitocsnb. 



Gravel, sand, loam and mud now accumulating. 

Alluvial flats and neat plains of the Interior. Raised 
beaches of the N.W. coast, Tasmania. Large area in 
the south-east of South Australia. 



Fuocm. 



MlOCUfB. 



EooBNa. 



Limestone Creek, Western Victoria. Upper vol- 
canic, Queensland. Marine limestones, Croyden Bore, 

River Murray Cliffs, Corio Bay, Victoria. Halletf s 
Cove, near Adelaide. Countv of Wentworth (under 
Pleistocenes New South Wales. Lower volcanic, 
Queensland. 

Coralline Limestones of Shark's Bay, West Aus- 
tralia. Carbonaceous beds, Cape Otway. Muddy 
Creek beds, Victoria. Great Australian Bight. 
Aldinffa, South Austaralia. Table Cape beds, Tasmania. 
Plant oeds near Enunaville, New South Wales. 

No Marine bedt of Eocene^ Miocene, or Pliocene age 
are known east of the main Dividing Range in New 
SotUh Wales or Qxuentland, 



0UETAGMU8. 



Ju&AflSXO. 



TRIA88IC 
OR 

Trias Jura. 




Upper Cretaceous.— Desert sandstone of Queens- 
land. 

Lower Cretaceous. — Bollinff Downs formation of 
Queensland. Artesian water oearing beds of north- 
western New South Wales. Kennedy Range and 
Oasco3me River, West Australia. 

Beds with fossil fish, Talbraw River, New South 
Wales. Oolitic limestone of Champion Bay District, 
West Australia. 

The Hawkesbui^ Sandstones and associated shales 

New South Wales. Lower Mesozoic Bocks of the 
j Clarence River. The Ipswich and Burrum Beds of 

Sieensland with Tamtopterie. The upper Coal 
easures of Tasmania, and the Collie Creek Coal 
Measures of West Australia are considered to be of 
MesoKOicage. 
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Pkrmo- 
Carbon- 

IFBROVB. 



/ Oabboni- I 
1^ pwious, J 



Goal Measures of New South Wales, Newcastle, Ilia- 
warra. and Lithgow, with Olouopterit. Upper and 
Middle Bowen River formations, Queensland. Collie 
River and Irwin River, West Australia. Tasmanite 
heds, Mersey and coast about the estuary of the Der- 
went, Tasmania. 

Port Stephens District, New South Wales. Ojmpie, 
Lower Bowen, and Star formations, Queenslana. Also 
the lower Coal Measures of Tasmania 



Dbyowtam I ***• I^ambie sandstones, Rydal, New South Wales. 

I ^^^jj jj.^gj. ^^ j^^ Tambo beds, Victoria. Burdekin 

I beds, Queensland. Sandstones and grits, Kimberley, 

-^ West Australia. Pingal slates, Tasmania. 



M J SniUUAN, 



Highly-inclined clay slates and talcose slates, New 
South Wales, South Australia, and West Australia and 
Victoria. Graptolire beds of Victoria Yass and Mo- 
long limestones. New South Wales. " Larapintine " 
limestones, Macdonnell Ranges. Queen River schists 
and slates, and the Gordon River Group, Tasmania. 



OleneUw and SaltereUa beds of Kimberley, West 
Australia. Ardrossan beds of South Australia. 
Magog and Caroline Creek groups, Tasmania. Yorke 
Peninsula series, South Australia. Kimberley, West 
Australia. Heathcote, Victoria. 



PRJB- 
OAHBRIAK, 



-. } 



Quartzite and some metamorphic rocks of Tas- 
mania. Mount Lofty Ranges, South Australia. 



[The statement (page 90) that Cretaceous rocks are the source of artesian water 
in north-western New South Wales is allowed to stand in deference to the generally 
accepted views of local geologists, as recorded in the publications of the Depart- 
ment of Mines of this colony. The present writer is of opinion, however, that the 
artesian supply is derived entirely from Triassic or Trias- jui-a beds which underlie 
the Cretaceous, and that the Cretaceous beds are not the source yielding artesian 
water in New South Wales.] 
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CHAPTER VI. 
RECENT DEPOSITS AND PLEISTOCENE. 

MARINE DEPOSITS HOW FORMING — WIND-PORMED ROCKS 
— SAND DUNES — ALLUTIAL DEPOSITS — TBRTIART. 

Recent deposits are conveniently divided into : — 
(1). Marine or sea-formed deposits. 
(2). -^olian or wind-formed deposits. 
(3). Alluvial or river-formed deposits. 

No recent marine deposits are known near 
Sydney or on the New South Wales Coast. Not that 
such deposits have not been laid down^ but there 
has been no elevation of the land, in recent times^ 
to lift these deposits so as to form dry land. There is 
no mistaking the signs of upheaval, if upheaval there 
had been in recent times. The country between the 
mouth of the River Murray and Cape Bridgewater is 
a good instance— over two hundred miles in length — 
of a land tract raised from beneath the sea in Recent 
times. For twenty miles inland on this coast there 
are a series of raised beaches, with sea-shells and 
sea-cli£Es. Almost anywhere beneath the soil one 
can find masses of marine organisms — shells, corals, 
polyzoa, &c. It might be argued that, although these 
are true marine deposits, yet the elevation did not 
take place in Recent times ; it might, perhaps, have 
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happened in Cretaceous or in early Tertiary times. 
The reply is direct, and, I think, convincing. We 
believe the elevation to have taken place in 
Recent times because the fossils referred to, although 
now many miles from the sea, are all the remains of 
existing species, and in no way differ from what is 
now living in the adjacent seas. 

Nothing at all like this condition of things is 
known about Sydney. In the absence of any evidence 
pointing to elevation, there is a presumption that the 
land may be undergoing depression. But, so far, little 
or no direct evidence has been discovered in proof of 
any recent depression of our Coast. 

Attention has been drawn to a submerged forest 
at Shea's Creek. In the absence of any more satis- 
factory explanation, this points to a relative change 
in the level of the sea or land. 

^olian, — ^The sand-hills about Kensington, on 
CronuUa beach, and between Bondi and Port Jackson, 
are the best illustrations of wind-blown formations 
near Sydney. Altogether these wind-blown sand- 
hills cover a large extent of country from Port 
Hacking to Sydney. They can be observed in many 
places burying fences, trees, and even houses. The 
encroachment of moving sand-hills about Newcastle 
was at one time a source of considerable trouble and 
expense. 

Fulgurites, or tubes of fused silica, are not 
uncommon in these sand-hills. They are caused by 
lightning striking the sand, and in its passage fusing 
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it. The f ulgarites are found in the form of irregular 
tubes varying from one-quarter of an inch to three 
inches in diameter. These tubes give off smaller tubes 
as thej descend^ and are invariably coated on the 
inside with a perfect enamel of fused quartz. With 
a hand lens the enamel is seen to be quite full of vesicles 
evidently due to the conversion of the water that 
was present into steam or perhaps its constituent gases. 

Alluvial. — ^The low-lying lands anywhere about 
Sydney are recent deposits of alluvium. Better 
examples can be found on the Nepean River from 
Penrith to Richmond. The Richmond Flats and the 
rich plains around Penrith are deposits left by 
rivers, but of course older than the deposits now form- 
ing by the river silting up in places. High floods are 
still adding fresh deposits to these plains down to the 
present day. The material laid down in this way 
supplies a lesson on denudation and the transporting 
power of rivers. Pebbles and boulders of granite, 
quartz, and porphyry can be found in the alluvial 
deposits near Penrith that must have travelled from 
the upper reaches of the Cox River, forty miles or 
more away, as the river runs. 

In the Cliffs at Long Bay a layer of mould, three 
feet below the surface, has been recognised as an old 
land surface. Human remains with some stone imple- 
ments have been found on this old land surface. Stone 
implements were also found in the deposits covering 
the submerged forest at Shea's Creek. 



Digitized by 



Google 



Pleistocene. 95 



Pleistocene. 
Alluyi9.1 Flats may be seen on the banks of the 
Nepean, evidently formed by flood waters, never 
reached by the highest floods of the present time. 
They are believed to be of the Pleistocene age. In this 
connection it is interesting to note that geologists are 



Fig. 24. — Tremanotua Maideni^ £th. fil. A fossil shell from the 
Hawkesbury Sandstone, Biloela, Sydney. 

fairly agreed that the rainfall of the Pleistocene period 
in Australia was much greater than it is now. The 
existence of the gigantic Diprotodon which roamed in 
herds over the plains of the interior is one proof of 
this. They could hardly have existed in such numbers, 
without a luxuriant vegetation, such as only a semi- 
tropical and very moist climate would make possible. 

1. Ann. Rep. Dept Mines, N. S. Wales, 1886, Appendix N.. p. 174. 
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Tbetiaey. 

We have no notable developments of Eocene, Mio- 
cene, or Pliocene rocks within the area we are dealing 
with, and beds of marine origin belonging to either of 
these periods are not known. This absence of marine 
beds of Tertiary age is remarkable, as there is a great 
development of marine Tertiary deposits in Victoria, 
South Australia, and Tasmania. The country around 
the Great Australian Bight, and for one hundred and 



Fia. 25. — MyHolepis Clarkei^^ Egerton. A dorsal fin reduced. 

fifty miles inland, consists of marine formations of 
Tertiary age. The absence of any similar beds on the 
New South Wales coast points to the fact that our 
coastal district stood above the sea as dry land during 
the vast length of time that the marine deposits 
referred to were accumulating. 

The material at our disposal justifies us in pictur- 
ing this portion of New South Wales as dry land, 
while the Tertiaries of South Australia, Victoria, and 

1 Woodward's Fossil Fish of the Hawkesbury Series at Gosford, Plate IL 
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Tasmania were slowly accumulating beneath the sea. 
The waters of this Tertiary sea spread many miles to 
the north of the Murray Kiver^ and covered a large 
area of Victoria, its shore-line sweeping around to the 
east of the Great Australian Bight. 

The climate on the dry land must have varied 
considerably during a part of the period. We find in 
many parts of New South Wales fossil leaves of lower 
Tertiary age, and they tell us that the cinnamon was 
a rather common tree in early Tertiary times, while 
oak, beech, and laurel also flourished. In fact, the 
extinct flora that clothed our hills in the early Tertiary 
was not widely different from the flora of the same 
age in the Northern Hemisphere. It is not improbable, 
therefore, that the unique and peculiar flora that 
separates Australia from every other land to-day, has 
been characteristic of this country only since the 
later Tertiary, 
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CHAPTER VII. 
THE TRIASSIC ROCKS. 

ORIGIN OF THE NAME — A THREEFOLD DIVISION— THE 
HAWKESBURY-WIANAMATTA SERIES — THE SANDSTONES — 
THE SHALES — THE IRONSTONES— THEIR FOSSIL CONTENTS 
— THE SANDSTONES AND SHALES BELONG TO THE SAME 
GEOLOGICAL PERIOD. 

The beds known as Triassic are so called from the 
fact that in Germany rocks of Triassic age are made 
up of three distinct groups ; 

1. Keuper or 

Marl group, 

2. Muschelkalk or 

Mussel-chalk. 

3. Bunter or 

Coloured Sandstone 

Curiously enough, the Triassic beds of the coastal 
districts of New South Wales admit of a liko three- 
fold grouping. The three groups are : — 

1. Wianamatta Shales. 

2. The Hawkesbury Sandstones, 
p, Narrabeen Shales, 
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FiG8. 26 & ^.—Cleithrolepis granulatiis^ .Egerton. A fossil fish from 
Triassic Rocks, near Grosford. 



X Woodward's Fossil Fish of the Hawkesbur^ Series at Gosfprd, Plate yi), 
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The first and second of these divisions cannot, 
however, be separated by any hard and fast lines. 
It is convenient, however, to retain the division, 
bearing in mind at the same time that there is no 
essential difference between the fossils of the Sand- 
stones and the Shales. The Hawkesbary-Wianamatta 
Series is a convenient term embracing the two. 

In the British Islands, Triassic rocks are known 
as the New Red Sandstones. This is to distinguish 
them from the other and mach older Red Sandstones 
made famous by Hugh Miller. The New Red Sand- 
stones sometimes overlie productive Coal Measures, 
and in that case there is a possibility of finding coal 
below. Some of the Old Red Sandstones are, 
physically, not unlike the New Red Sandstones, but 
as the Old Red are below the Coal Measures, there is 
no hope to find coal by boring through them. Where 
the series is complete, the rocks referred to occur in 
the following manner : — 

1 . New Red Sandstones, Triassic. 

2. Permian. 

3. Carboniferous. 

4. Old Red Sandstones, Devonian. 

In Europe, Triassic rocks are remarkable as 
having introduced to the world the age of reptiles. 
Here also are met for the first time in the geological 
record the internal bones of cuttle-fish, known as 
Belemnites, and more commonly when found fossil as 
thundftr-bolts. 
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Some very remarkable fish teeth were found in 
Triassic rocks near Bristol^ to which Agassiz gave the 
name Ctratodus. The teeth were the only portions of 
the creature known. Strange to say, long afterwards 
a fish was discovered living in Queensland rivers with 
similar teeth. It is known as Ceraiodus or mud-fish. 
This unexpected discovery of the living animal 
throws much light on its distinguished English 
ancestor of Triassic times. The survival in Australia 
of this remnant of ancient life is full of interest to the 
geologist. But it is not the only instance of the kind 
known. A survival of forms, allied to creatures that 
lived in Secondary times, is not at all uncommon 
here. Indeed, Australia has been called (in a 
geological sense) the land of living fossils. 

The Port Jackson shark (Cestracion) is an equally 
remarkable living fossil. It is the sole survival of a 
group of sharks remarkable for the pavement of 
crushing teeth which line the mouth. Sharks of this 
type were extremely common in the European seas of 
the Secondary period. Buckland first drew attention 
to the fact that in far-off geological times these 
sharks lived side by side with the Trigonias, and it is 
a fact of surpassing interest to see '^ the same comrade- 
ship kept up on the distant coast of Australia.'' 

It may not be generally known that the beautiful 
Trigonia shell of our harbour is a genus originally 
known as extinct. The first descriptions were pub- 
lished from fossil forms. It was a welcome discovery 
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for science to find the Trigonia still surviving in 
Australian seas. There are only about five species 
living to-day, and even these are not too plentiful. In 
the Secondary period, however, they must have been 
extremely abundant, and they swarmed in Oolitic 
seas. 

"Quite recently another link connecting the 
present fauna of Australia with that of Secondary 
Europe has been discovered. For a considerable time 
a peculiar group of herrings (Diplomystus) charac- 
terised by having a row of scutes on the back, 
resembling those found in other types on the opposite 
aspect of the body, have been known from Cretaceous 
and early Tertiary rocks, their range including Brazil, 
Wyoming, the Isle of Wight, and the Lebanan. Till 
the other day these doujbly-airmoured herrings were 
considered to be totally extinct, but now, lo and 
behold! they have turned up alive in certain rivers 
of New South Wales." » 

The Sandstones. 

It would be superfluous on the writer's part U, 
describe the Sandstones, when excellent descriptions 
have already been given by Darwin, Clarke, and 
Wilkinson. The last-named author writes : — 

"In the picturesque cliffs around Sydney Harbour, 
and especially in those facing the ocean for some 
miles to the north and south of the Heads, may be 

1 lordekker, life and Bock, p. 161. 
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seen all the leading characteristics of the Hawkesbury 
series. This formation underlies nearly the whole of 
the Sydney district, and consists of thick and thin 
horizontal beds of white and brownish yellow sand- 
stone, passing occasionally into grits and conglomerates, 
with a few interstratified lenticular beds of shale 
resembling the Wianamatta shales. These shale-beds 
were formed in small saucer-like hollows, and may be 
considered as miniature precursors of the Wianamatta 
formation which filled a wide depression caused by 
the elevation of the surrounding portions of the 
Hawkesbury formation." 

The character of the Sandstones on the Mountains 
differs very little from the rock as seen round Sydney, 
that is, as far as its composition and intimate structure 
are concerned. The cementing matter holding the 
grains together is the same. The materials of the 
grains themselves — quartz — are the same. The beds 
are divided by bands of shale, but naturally there 
is a very great difference in the cohesion of the 
various beds of sandstone. A bed may be found 
quite friable or so divided into layers by '^cross- 
stratification " as to be useless for a building-stone. 
Examples of this cross- stratification are very charac- 
teristic of the sandstones, and localities where the 
structure is very pronounced are too numerous 
to mention. The cliffs north of Bondi Bay furnish 
some very good examples. But, as a matter of fact, a 
pleasure trip in any direction, even to Manly, will 



Digitized by 



Google 



The Sandstones. 105 



discover abundant instances of this false bedding or 
cross-stratificatioD . Immediately under a bed rendered 
worthless by this structure, we often find a bed up to 
forty feet in thickness of magnificent freestone show- 



Fia 28. — (1) Pristisomus latu8f^ lateral aspect, wanting tail. 
(2) Pristiaomua lotus, lateral aspect, wanting head. 
Fossil Fish from Bods of Triassic Age, near Grosford. 

ing the merest trace of a disposition to break in any 
one direction. It is, therefore, a perfect freestone. 
If proof were wanting of its perfect suitability even 
for the refinement of the builder's art, we can point 

1 Woodward's Foesil Fish of the Hawkesbury Series at Gosford, Plate ii. 
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to the noble buildings that adorn our city. Saunders' 
Quarry, at the foot of Harris-street, is, perhaps, the 
most accessible locality to see these beds of sandstone 
in situ, and to see monoliths quarried that might 
build a pyramid. 

But, although the structure and intimate compo- 
sition of the sandstone may be the same around 
Sydney and on the Blue Mountains, there the resem- 
blance ends. The sandstones on the Mountains are 
weathered and scored by Nature's sculptors — rain and 
rivers — to an extent that remains geologically impos- 
sible along the coast. A glance at Fig. 31 will show 
why this should be so. It will be seen that on the 
Mountains the sandstones are lifted quite two 
thousand feet above sea-level, whereas at Sydney the 
sandstones are for the most part below sea-level. In 
the battle between the warring elements of Nature, 
the Mountain sandstones are exposed to the full 
fire of the enemy ; nearer Sydney, their lines are 
safely entrenched below sea-level. Their pillars and 
battlements of rock, which, like ruined fortresses, 
stand up from every valley in the Mountains, tell a tale 
of destruction such as the concentrated hurricanes of 
fire and steel, that ploughed the earth at Plevna, 
could not effect in a thousand years. A description 
of one of these valleys by Charles Darwin will be read 
with interest, more particularly if we anticipate a 
little, and take for granted that these valleys are 
entirely due to atmospheric agencies. 
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" In the middle of the day we baited our horse at 
a little inn called the * Weatherboard/ The country 
here is elevated 2,800 feet above the sea. About a 
mile-and-a-half from this place there is a view 
exceedingly well worth visiting. By following down 
a little valley and its tiny rill of water, an immense 
gulf is unexpectedly seen through the trees which 
border the pathway, at the depth of perhaps 1,500 
feet. Walking on a few yards, one stands on the 
brink of a vast precipice, and below is the grand bay 
or gulf (for I know not what other name to give it) 
thickly covered with forest. The point of view is 
situated as if at the head of a. bay, the line of the cliff 
diverging on each side, and showing headland behind 
headland, as on a bold sea coast. These cliffs are 
composed of horizontal strata of whitish sandstone; 
und so absolutely vertical are they, that in many 
places a person standing on the edge and throwing 
down a stone can see it strike the trees in the abyss 
below. So unbroken is the line that it is said, in order 
to reach the foot of the waterfall formed by this little 
stream, it is necessary to go a distance of sixteen miles 
round. About five miles distant in front, another line 
of cliff extends, which thus appears completely to 
encircle the valley; and hence the name of bay is 
justified as applied to this grand amphitheatrical 
depression. If we imagine a winding harbour, with 
its deep water surrounded by bold clifF-like shores, 
laid dry, and a forest sprung up on its sandy bottom, 
we should then have the appearance and structure 
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here exhibited. This kind of view to me was quite 
novel and extremely magnificent." 

The Rev. W. B. Clarke thus describes the 
Hawkesbury Sandstones : — "Over the uppermost work- 
able Coal Measures, which are of considerable thick- 
ness, is deposited a series of beds of sandstone, shale, 
and conglomerate, oftentimes concretionary in structure 
and very thick-bedded, varying in composition, with 
occasional false bedding, deeply excavated, and so 
forming deep ravines with lofty escarpments, to the 
upper part of which series I have given the name of 
Hawkesbury rocks, owing to their great development 
along the course of the river-basin of that name. 
These beds are not less in some places than from 800 
to 1,000 feet in thickness, containing patches of shale 
occasionally with fishes, with fragments of ft'onds and 
stems of ferns, a few pebbles of porphyry, granite, 
mica, and other quartziferous slates, and assume in 
surface outline the appearance of granite, from the 
materials of which and associated old deposits they 
must in part have been derived." 

The Shales. 

The shale-beds of the Hawkesbury- Wianamatta 
Series are much in evidence about Sydney, if only for 
their economic importance. Brick and pottery works 
make a large industry, materials for which are entirely 
derived from the Wianamatta Shales. It must not be 
forgotten, though, that shales occur at various levels. 
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or, as geologists express it, on various horizons in the 
sandstones. The thickest beds of shales, however, are 
those that lie above the sandstones forming most of 
the surface of the country from Sydney to Penrith. 
Professor David writes thus of the Wianamatta 
Shales: — ^"'Of this formation, which probably at one time 
covered a considerable area on the Blue Mountains, 
only a small portion is left undenuded. The western- 
most extension of these shales is probably at a point 
about half-way between Linden and Faulconbridge. 
At Springwood the shales attain a thickness of about 
eighty feet, and further eastwards are completely 
denuded at intervals, until the monocline at the top of 
Lapstone Hill is reached. They form a thin capping 
near the top of the monocline and thicken out raLpidly 
at its base in the valley of the Nepean. They occupy 
almost the whole of the surface area between Penrith 
and Sydney, and extend northwards at least as far as 
the Kurrajong Heights, and southwards beyond Sutton 
Forest. The Rev. W. B. Clarke estimated their tnaxi- 
mum thickness at eight hundred feet ; he called them 
Wianamatta Shales, from Wianamatta — the native 
name for South Creek. The junction of these shales 
with the underlying Hawkesbury Sandstone is fre- 
quently marked by contemporaneous erosion. The 
shales are dark grey to bluish-grey at a depth, owing 
to the presence of iron, probably as protoxide, and 
carbonaceous material. Near the surface where they 
have been weathered, they have become bleached 
through the aggregation of the iron into segregation 
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veins and nodules of hssmatite and limonite, and the 
removal of some of the carbonaceous material. Bands 
and nodules of clay ironstone occur on certain horizons, 
especially near the base of the series, and thin seams 
of coal have been described in the upper beds of these 
shales. Mr. Clarke states that one of these seams 
with its clay bands, at South Creek, has an aggregate 
thickness of four feet." ^ 

The promising appearance of some of the coal 
referred to, when seen in hand-specimens, has sometimes 
led to the belief that these beds belong to the true 
Coal Measures — a very obvious mistake which was 
more than once pointed out by geologists long before 
the Cremorne bore proved that the true Coal Measures 
are quite three thousand feet deeper down. 



Origin of the Sandstones and Shales. 

With one notable exception, geologists are agreed 
in the opinion that the Hawkesbury Sandstones are a 
sedimentary formation. It is not, however, quite 
obvious whether the sandstones were deposited under 
marine conditions, in brackish water, or in fresh 
water. Of course, we look to the fossils to settle this 
point, although it is questionable whether we have 
sufficient material at our disposal to make a final 
judgment. New fossils may be discovered any day 
that would settle the question. The fossils at present 

1 4d4re89 to ^oj Soo., N.S.W.. 1896, 
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known are for the most part plants — land plants, or 
such as would grow in lagoons or marshy places. The 
magnificent fronds of Thinnfeldia found in the sand- 
stones could never have been drifted very far, and 
must have grown quite close to were the fossil 
imprints are found. Of course, fish remains have also 
been discovered, but they are such as might easily 
have lived in brackish or estuarine waters. The late 
Rev. J. B. Tenison- Woods at one time held that the 
sandstones were all of jiEolian origin, but in later 
years he abandoned that theory. From my stand- 
point, there seems to be no room for doubt that the 
Hawkesbury Sandstones were for the most part laid 
down under water. At the same time, there are minor 
features which are strongly suggestive of the sands 
being subjected to the action of wind previous to 
consolidation. There is presumptive evidence, too^ 
that the sand might have been re-distributed and 
bedded by wind over small areas. 

No one doubts but that the shales were laid down 
in water — ^in shallow lakes or lagoons. These lakes 
must, it goes without saying, have been surrounded by 
dry land. Now, beds of shale are found at different 
levels in the sandstones, and, therefore, were formed 
at various levels, as the sandstones themselves were 
formed. Evidently, then, the still unconsolidated 
sands formed the dry land surrounding the lagoons. 
Under these conditions, it is more than probable that 
sand-dunes were formed locally. A general depression 
of the land was in progress, and the shales already 

E 
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formed in the lagoon, as well as the wind-swept sand- 
hills, were depressed beneath the waters and fresh 
sedimentary deposits laid down above them. 

The absence of coarse grit in mnch of the shale 
requires an explanation. The troubled waters rushing 
down from the hills brought grit and pebbles without 
a doubt, but these were kept back by the water 
having to find its way to the lagoon by filtering 
through a thick undergrowth of reeds and fern. This 
is not a mere assumption — ^you can see reeds and ferns 
thickly imprinted on this block of shaley sandstone, 
and, as is well known, the shales are carbonaceous, and 
could only have derived this carbon from a dense 
vegetation surrounding and partly filling the lagoons. 
We shall see now how this might account for the 
deposition of extremely fine sediments that form our 
shales. A process not at all dissimilar is yet going on 
in the interior of this colony. The Macquarie is 
slowly filling up the flat country beyond Cannonbar 
and the marshes further down. I have noticed, 
no matter how coarse the sediments are, that 
the river carries swiftly past Dubbo and Warren, yet 
the sediments laid down on the plains far away from 
the river are invariably fine. Back from the river, the 
water flowing gently through the grass is perfectly 
limpid, having deposited its load of sediment — being 
filtered, in fact — in finding its way through the 
thickly-growing grass. I have seen perfectly limpid 
and crystal-clear water " backing up " through the 
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long grass on the lower Macquarie, from the turbid 
and flooded river more than a mile away. It was 
certainly somewhat in this way, the undergrowth 
around the ancient Triassic lagoons that are now beds 
of shale, more or less cleared the waters of the coarser 
materials and allowed the finer sediments to pass on. 

The speed of the running water is checked also 
in flowing through a thick undergrowth of vegetation, 
and the heavier materials that are being carried along 
are at once dropped to the bottom. The finer particles 
held in suspension are not deposited until the waters 
cease to flow on reaching a lake or lagoon. 

It has been stated, in. passing, that Tenison- Woods 
himself abandoned tlie theory as to the ^SJolian origin 
of the Hawkesbury Sandstone. Personally, I am 
inclined to the opinion that the theory, though not 
accepted by geologists, was, in f he words of Professor 
Liversidge, ^^ a valuable and suggestive paper, and one 
of the most interesting brought before the Royal 
Society on geological matters for a long time." And, 
after all, it may yet be discovered there was a germ 
of truth in the views of Tenison- Woods. Writing on 
this subject. Dr. Taylor says: " L hold that this theory 
of Tenison- Woods, whether ultimately proved or not, 
is a gain to speculative science. I have long thought 
that Solar denudation has not been sufliciently taken 
into effect in Physical Geology. Twenty years ago 
it was the fashion to give the sea the predominance 
as a denuding agent. That was in the geologically 



Digitized by 



Google 



116 Geology op Sydney. 

oonseryatiye times. We laughed when poor old 
Colonel Greenwood published his quaint book entitled 
' Bain and Rivers/ wherein he showed that it was the 
earth's atmosphere, and not the sea, which did all the 
wearing-and-tearing work. But geologists don't think 
so now — and Colonel Greenwood is dead !" 

So far we have been speaking of how the sand- 
stones and shales were deposited. It is quite another 
question to discuss where the material was brought 
from. On this point our knowledge is not very com- 
plete. The making of the Hawkesbury Sandstones 
means the denudation and wearing down of an equal 
amount of country elsewhere. It would take a fair- 
sized mountain range to give the stones, so to speak, 
required to build up this formation. As far as 
geologists are aware, this high land stood away to tho 
south-west, and it was the rivers flowing from that 
direction that brought down the sediments, as mud, 
sand, and shingle, to make the sandstones and shales. 
These were afterwards re-distributed and spread out in 
layers in a sea so shallow that portions could become 
dry land, support a vegetation, and contain the lagoons 
in which the shales were deposited. 

Origin of the Ironstone Beds. 

Iron in some form or other is one of the most 
widely diffused of the metals. All plants and soils 
contain iron. Clays and rocks, with very few excep- 
tions, are coloured by iron compounds. ^'Iron is 
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Nature^s universal dye. Without it the soil would be 
a dirty white — ^the colour of snow in the time of 
thaw. Instead of the pretty, lively colour of sand and 
pebbles, we should see the dull and sombre hue of 
ashes, and, instead of the glittering sand of the sea 
and lake-shore, a plain drab or gray, which no wealth 
of sunshine or of spray could turn to beauty. The 
slates used for roofing have a warm, rich tint ; oxide 
of iron puts vermilion into them, as it does into our 
bricks, which else would be only a plain pepper and 
salt. The ruddy hues of brown now seen in plough- 
ing sandy fields, contrasting so richly with the green 
of woods and meadow, would be, without the iron, 
only the cold repulsive gray of clayey soils. Many 
marbles, too, are coloured with the same familiar dye. 
The violet veinings and variegations of the marble of 
Sicily and Spain, the glowing orange and amber of 
Siehna, the blood-red colour of precious jasper that 
enriches the temples of Italy, are all painted with 
iron-rust." 

The actual amount of iron, however, present in 
even highly-coloured rocks is so small indeed that it 
could never be extracted with profit. It is only when 
ironstones are concentrated, as it were, in beds, veins, 
and lodes that the ore is rich enough to pay for the 
extraction of metallic iron. 

How comes it that, as in the case of the Hawkes- 
bury Sandstones, the ironstones occur in beds ? Why 
is it that a considerable thickness of Wianamatta 
Shales should be practically devoid of iron, while 
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immediately below there should be a bed of ironstone? 
It will be remembered that one of the essentials of a 
good clay for porcelain is the absence of iron. Also 
one of the essentials of a good brick clay is a low per- 
centage of iron. It is only the clay that contains 
practically no iron that will burn white in a kiln. 
Brick clays, even when colourless, burn red. This is 
due to the fact that these clays contain iron as a 
protoxide, and this protoxide is converted on burning 
into the peroxide which gives the brick its red colour. 

It is then a matter of the highest importance, 
from an economic standpoint, that shales should be 
free from iron. And it is equally important that in 
places ironstone bods should be segregated, so to 
speak, rich enough in iron to render them fit for the 
extraction of the metal for manufacturing purposes. 

We will now follow the process by which iron- 
stones were formed in beds. I must, to make the 
matter clear for the general reader, premise that the 
following facts are familiar ; — 

1. The iron in rocks is for the most part com- 

bined with oxygen. 

2. This gives rise to two oxides, the Protoxide and 

the Peroxide. 

3. The Protoxide is soluble in carbonated waters. 

4. Peroxide is insoluble in carbonated waters. 

5. The combinations of protoxide of iron are 

bluish, greenish, or colourless ; for example, 
brick clays. 
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6. The combinations of peroxide of iron are red- 

dish-brown, for example, iron-rust, and 
ordinary burnt brick. 

7. Bain waters become carbonated on falling 

through the atmosphere, or on filtering 
through beds of decomposing vegetable 
matter. 

With these ascertained facts before us we can see 
for ourselves beds of ironstone in the course of forma- 
tion. Carbonic acid is given off everywhere in 
swampy thickets, from layers of fallen leaves, from 
decaying timber and tangled undergrowths. Vast 
quantities of the same gas are given off by volcanoes, 
and by mineral springs, such as the Soda Springs near 
Cooma. The carbonic acid so abundantly available is 
taken up by water. Here, then, we have a solvent 
able to penetrate the pores, cracks, crevices, and joints 
of rocks, and seize upon all the protoxide of iron it 
meets in its passage. Laden now with its invisible 
load in solution, the water oozes from the soil, untli it 
collects in some lagoon or ditch. Soon a film of the 
water in the lagoon, in contact with the air, absorbs 
additional oxygen from the atmosphere. The result 
is that the soluble and invisible protoxide becomes 
converted into a peroxide, which is both visible and 
insoluble. This shows itself as an iridescent scum 
floating on the water, not unlike a film of oil. But 
being a peroxide of iron and insoluble, it quickly sinks 
to the bottom of the lagoon as a reddish mud. A fresh 
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qoantity of protoxide now comes in contact with the 
air, to be in its turn converted into peroxide. This 
also sinks, as another layer of ironstone. The process 
continued gives us a bed of iron ore. 

Perhaps a fern frond, or a tiny leaf, lies below. It 
is soon buried in the accumulating iron mud, and this 
shows how the impress of fossil leaves are found in 
these ironstones. 

This explauation, it may be said, is satisfactory 
enough in theory, but how does it work in practice ? 
Perfectly. Go to any fresh- water lagoon in swampy 
country. You will soon discover the iridescent scum 
I have described. Water in these lagoons has an inky 
taste from the dissolved protoxide of iron. Standing 
by the water you are looking on one of the most beau- 
tiful, and for ages past, hidden processes that Nature 
has made use of through all time, to separate iron- 
stone into beds. We are not concerned with theory, 
as a matter of fact, some of the best Swedish steel is 
being manufactured from such deposits of iron ore, 
now forming in Swedish lakes. 

It only remains to add that the iron diffused in 
rocks and collected by carbonated waters need not 
necessarily be in the form of soluble protoxide. 
Nature has another simple and silent reaction unceas- 
ingly in operation, which is forcibly removing a 
portion of its oxygen from the insoluble peroxide, and 
so converting it into the soluble protoxide. 
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Fig. 30. — Thin7ifeldia odontopteroideSy^ Morris. A characteristic 
fossil plant from the Hawkesbury Sandstones. 



1 Feistmantel's Coal and Plant- bearioK Beds of Eastern Aastralia and 
Tasmania, 1890. Plate xxiv. 
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Dr. Sterry Hant^ who explains these reactions, 
points oat that, as the decomposition of vegetable 
matter is required for the deposition of ironstone, then 
every bed of ironstone is as perfect a record of 
vegetable growth as is a bed of coal. ^^ We find," he 
continues, "in the rock formation of every different 
age beds of sediments which have been deprived of 
iron by organic agencies, and near them will generally 
be found the accumulated iron. Go into any coal 
region, and you will see evidences that this process 
was at work when the coal beds were forming. The 
soil in which the coal-plants grew has been deprived 
of its iron, and, when burned, turns white, as do most 
of the slaty beds from the coal-rocks. It is this 
ancient soil which constitutes the so-called fire-clays, 
prized for making bricks, which, from the absence of 
both iron and alkalies, are very infusible. Interstrati- 
fied with these, we often find, in the form of ironstone, 
the separated metal ; and thus from the same series 
of rocks may be obtained the fuel, the ore, and the 
fire-clay." 

From what I have said, it will be understood that 
great deposits of iron ore generally occur in the shape 
of beds, although waters holding the compounds of 
iron in solution have in some cases deposited them in 
fissures or openings in the rock, thus forming true 
veins of ore. I wish now to insist upon the property 
which dead and decaying organic matters possess of 
reducing to protoxide, and rendering soluble the 
insoluble peroxide of iron diffused through rocks ; and 
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reciprocally the power which 
this peroxide has of oxidizing 
and consuming these same 
organic matters, which are 
-- thereby finally converted into 
'Z carbonic acid and water. This 
last action, let me say, in pass- 
^ ing, is illustrated by the des- 
fe tructive action of rusting iron 
*< bolts on moist wood, and the 
^ effect of iron stains in impair- 
J ing the strength of linen fibre. 
cQ We see in the coal f orma- 

'^ tion that the vegetable mat- 
's ter necessary for the produc- 
g tion of the iron-ore beds was 
^ not wanting; but the question 
3 has been asked me, where are 
I ^ the evidences of the organic 

^ g material which was required 

«i3 to produce the vast beds of 
.2 iron ore found in the ancient 
eg crystalline rocks? I answer 
J: that the organic matter was, 
^ in most cases, entirely con- 
^ sumed in producing these great 
3 results, and that it was the 

^ large proportion of iron dif- 

fused in the soils and waters 
of these early times, which not 
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only rendered possible the accumnlation of snch gresi 
beds of ore^ but oxidizised and destroyed the organic 
matters which in later ages appear in coal. 

There is jnst one matter that may be made clear 
at this point for the benefit of the general reader, and 
that is the difference — the great difference — ^between 
material held in suspension by water^ and material 
held in solution. As a rule^ matter held in suspension 
can be separated by filtration^ while matter held in 
solution cannot be separated in this way. The finely- 
divided rock, that makes flooded rivers muddy, is held 
in suspension, and is not dissolved or in solution. If 
some fine sand is stirred up in a glass of water, we 
have a mixture. If a spoonful of salt is stirred up 
with water in the same way, we have a solution. Salt 
in solution disappears from view, and will not fall down 
on letting the water stand. Carbonated waters flow- 
ing in rapid torrents through limestone country affect 
the rock in two ways. The streams carry some of the 
finely ground-up limestone in suspension as a mere 
Tnixture of sand, or mud and water. But the water 
also dissolves a quantity of the limestone, which will 
appear again only by some chemical action, by being 
separated with the help of some living organism, 
or by the water drying up. The materials held in 
suspension will settle down partly on the speed of the 
current being arrested, and completely when the water 
comes to rest in a lake or lagoon. 
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Fossils. 
It is well to bear in mind, when speaking of the 
fossils of the Hawkesbnry series, we are speak- 
ing of all that is left to us of the animals and plants 
that peopled and clothed the earth in Triassic times. 
There is a danger of looking on fossils as geological 
specimens merely. But, in trath, is this shattered 
bone merely a specimen ? Piece it together ; find tbe 
next bone which should join it, and gradually a thing 
of life takes shape, of which these dried bones are the 
mere frame-work. The beautiful impressions of ferns 
found in our shales are valuable specimens, but their 
great lesson is lost if we cannot in the mind's eye 
picture them as they lived. The geologist can conjure 
back again that ancient morass on whose banks they 
grew long, long ago. He can see their feathery forms 
tangled in a wealth of green along the ancient valleys. 
The fossils show us also fishes gliding through the 
lagoons, and the giant salamanders basking on the 
muddy flats or crashing through the undergrowth. 

The first remains of Labyrinthodonts were dis- 
covered while a dock was being excavated at Cockatoo 
Island, and then it was that we got to see some simi- 
larity between the Triassic rocks of Australia and those 
of Europe and America. As is well known, Triassic 
rocks in the Northern Hemisphere are identified with 
reptiles, the remains of which abound. No reptilian 
remains had, however, been discovered up to this date 
in Australian Triassic rocks. Secondary rocks of 
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Cretaceous age were known in Australia to contain fossil 
remains of the extraordinary Ichthyosaurus and Plesio- 
saurus, familiar from the illustration of them so common 
in text books of geology. The discovery, there- 
fore, of Triassio reptiles in the Hawkesbury-Wiana- 
matta beds was practically a new era in the study of 
the geology of the district round Sydney. 

In 1887 the late Mr. Wilkinson drew attention to 
the fact that soon after the discovery of the remains 
of the gigantic labyrinthodon Mdstodonsaurus in the 
Hawkesbury Sandstone at Cockatoo Island, other 
specimens of one of these amphibians were received 
from Mr. B. Dunstan, who collected them from the 
Wianamatta Shales near Bowral. He also recognised 
on some slabs found at Gosford the remains of another 
of these remarkable "frog-lizards.^^ Professor Stephens 
undertook to examine the fossil, and in a paper which 
he read before our Linnean Society, he described it 
under the new generic name of Platyceps, A collector 
was sent to explore the excavations at Grosf ord, and 
succeeded in obtaining not only more Labyrinthodont 
remains, but a very magnificent collection numbering 
over 400 specimens of fossil fishes, ganoids and placoids, 
several of which are of remarkable formation, and 
appear to be new to science. Splendid impressions 
both of fishes and Labyrinthodon were to be seen on 
the same piece of rock. 

All the world over it has been noted that fossils 
are not particularly abundant in the New Red Sand- 
stones. But in rocks of this age in the Connecticut 
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Valley, thousands of impressions are preserved on slabs 
of sandstone, evidently formed by animals walking 
over the yet unsolidified sandstone. On some of the 
slabs, tracks are so abundant that all individual marks 
are obliterated, and the slabs look not unlike "a muddy 
road after a flock of sheep had passed." Professor 
Hitchcock studied these tracks very minutely, and tells 
us that the discovery indicates more than one hundred 
species of animals. He reckoned they indicated thirty- 
one species of birds, seventeen species of lizards, eleven 
varieties of frogs, a number of bird-lizards, and some 
creatures resembling marsupials. 

One of the birds is described as covering a yard 
and a half at every stride. It was about twelve feet 
high, and was quite a quarter of a ton in weight. 

Certainly the most remarkable creature of Triassic 
times is the salamander-like or frog-like reptile named 
by Professor Owen Labyrinthodon, from the labyrin- 
thine appearance of cross-sections of its teeth. This 
extraordinary creature was first known from its foot- 
prints, which resemble rude impressions of the human 
hand. A frog close on two feet long would in all 
conscience be uninviting enough, but here we have 
tracks left by a creature of this sort, and every imprint 
measures twenty-two inches in length. In weight and 
bulk they were certainly equal to an elephant. 

Even in England Labyrinthodont footsteps have 
been found abundantly near the village of Lynn, and 
also at the [Stourton Quarries, Liverpool. In thes^ 
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localities the footprints occur in Triassic rocks. Later 
researches have shown that similar animals Uyed 
amongst the marshy forests of the Carboniferous 
age. Not only have magnificent skalls of this creature 
been found in the coal-beds near Glasgow and other 
places, but impressions of his footsteps have been 
founds similar to those belonging to the Triassic period. 
Owen's name of "Lahyrinthodon is now generally iden- 
tified with this strange creature^ in which science^ art^ 
and commerce meet very strangely together. When 
Owen obtained the first of its teeth, he found in trans- 
verse sections of it the labyrinthine structure '' (shown 
in Fig. 37). ^' Very shortly after that drawing was 
published it reappeared in Manchester, forming the 
centre of a printed . pocket-handkerchief." 

If we add to these reptiles and fish remains a few 
fresh-water shells, we exhaust the list of known 
animals of the Australian Triassic age. But it is not 
unreasonable to suppose that many other forms of life 
peopled the land and swarmed the seas, of which, so 
far, no traces have come to light. The discovery of 
400 specimens of ganoids and placoids on a few square 
feet of sandstone at Gosford, points to an abundance 
of life that will at some time yield a rich harvest to 
the geologist fortunate enough to unearth these buried 
treasures. After examining a collection of fossils 
from Gosford quarries. Professor Stephens wrote : 
^^ The collection contains hundreds of specimens of fish, 
of many genera and families, among which is a possible 
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Ceratodas^ many Belonostomus of all sizes, Cleithrole- 
pis, &c., and many which are at present unknown to 
me. They are chiefly, if not altogether, ganoids, and 
many quite new, at least to Australia. Some have 
been much broken in the quarry, others injured subse- 
quently ; but all were otherwise in a wonderful state 
of preservation. They had evidently been all killed 
at the same moment, and immediately buried. Some 
are quite straight and in their natural posture^ 
others convulsed and distorted. One large fish, for 
example, has the right pectoral fin thrown up on the 
same plane as the dorsal, with the under side of the 
head and fore-quarter, and the right side of tbe rest 
of the body presented, showing both that the notochord 
was cartilaginous, and that the fish died suddenly in 
its struggles. Many others are twisted and bent 
double ; and all seem to corroborate the speculation 
that they were killed by a sudden influx of ice-cold 
mud or muddy water into the tepid lagoon where they 
had been living. There are also with them beautifully- 
preserved ferns, Phyllotheca and the like, which had 
evidently undergone no decomposition before they 
were silted up, but had been buried at once in the 
mud of the torrent which had torn them away. Be- 
sides the fish and vegetable remains, there are also two 
Labyrinthodont remains.^^ 

The following list shows the more important 
animals, which we know from their fossils lived while 
the Triassic rooks hereabouts were being laid down : — 
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,„r. Fauna. 

Tremanotus Maideni.— A Gasteropod Shell, illustrated on 

page 95. 



Estheria Coghlani. 
Unionella Bowralensis. 

„ Carnei. 

Unio Dunstani. 
,» Wianamattae. 



Fresh-water bivalves, figures of 
which are given in a monograph 
on **The Invertebrate Fauna 
of the Hawkesbury Wiana- 
matta Series," by Robert 
Etheridge, junr., Curator of 
the Australian Museum. 



Palaeoniscus antipoden. 

Cleithrolepis granulatus.— See Figures 26 and 27, page 99. 
Myriolepis Clarkei.— See Figure 33, page 135. 
Mastodonsaurus. sp. ( See Figures 2, 29. 34, 35, 37, 



{ 



Platyceps. sp. I and 39. 

Pristisomus latUS. See Figure 28, page 105. 

Perhaps the most extraordinary discovery of a 
Labyrinthodont ever made was that brought to light 
by Sir Charles Lyell and Sir William Dawson when 
investigating the coal strata of Nova Scotia. A great 
hollow tree was found fossilised in the Coal Measures. 
On breaking the specimen, the bones of a little 
Labyrinthodont were found in the hollow trunk. The 
interesting bones so fortunately discovered were sent 
to Sir Eichard Owen, who named the creature 
Dendrerpeton,^ or the tree-reptile, to perpetuate its 
wonderful discovery. 

1 Greek— (fe7idr(m, tree ; erpeion^ a reptile. 
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We have now arrived at that stage when the 
writer may hope that he has awakened some interest 
in that strange creature whose remains lie entombed 
in the rocks of the Hawkesbnry series^ and portions 
of which have been actually recovered from these 
rocks at Biloela, Gosford^ and the quarries at St. 
Peters. It would be hard^ indeed^ to over-estimate the 
value of such fragments of the life of a world that is 
past. And, if it may not be the privilege of everyone 
to write learned treatises describing these animals, the 
humblest student may hope to contribute to the 
advancement of knowledge by collecting every fossil 
that his observations may help him to discover. Even 
early in the century the value of the remains of extinct 
reptiles was duly appreciated. Indeed, a now historic 
fossil caused no little trouble before it found a resting 
place in a Paris Museum. It was the jaw of a fossil 
reptile found in the Mesozoic rocks of St. Peter's 
Mountain, about a mile south of the city of Maestricht. 
Dr. Mantell, in his interesting book. Fossils of the 
British Museum, tells its story thus : — 

" Some workmen, on blasting the rock in one of 
the caverns of the interior of the mountains, perceived 
to their astonishment the jaws of a large animal 
attached to the roof of the chasm. The discovery was 
immediately made known to M. Hoffman, who repaired 
to the spot, and for weeks presided over the arduous 
tafik of separating the mass of stone containing these 
remains from the surrounding rock. His labours 
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were rewarded by the successful extrication of the 
specimen, which he conveyed in triumph to his house. 
This extraordinary discovery, however, soon became 
the subject of general conversation, and excited so 
much interest, that the Canon of the cathedral which 
stands on the mountain, resolved to claim the fossil 
in right of being lord of the manor, and succeeded 
after a long, harassing lawsuit in obtaining this 
precious relic. It remained for years in his possession, 
and Hoffman died without regaining his treasure or 
receiving any compensation. At length the French 
Eevolution broke out, and the armies of the Republic 
advanced to the gates of Maestricht. The town was 
bombarded, but at the suggestion of the committee of 
savants who accompanied the French troops to selec 
their share of the plunder, the artillery were not 
suffered to play on that part of the city in which the 
celebrated fossil was known to be preserved. In the 
meantime the Canon of St. Peter's, shrewdly suspecting 
the reason why such peculiar favour was shown to his 
residence, removed the specimen and concealed it in a 
vault; but when the city was taken, the French 
authorities compelled him to give up his ill-gotten 
prize, which was immediately transhipped to the 
Jardin des Plantes, at Paris, where it still forms one 
of the most striking objects in that magnificent 
collection.*' 

The French author who records the history of the 
fossil remarks : ^^ La Jvstice quoique tardive, arrive 
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enfin avec le tempsJ* Dr. Mantell adds : '* The reader 
will probably think that although the Reverend Canon 
was justly despoiled of his ill-gotten treasure, the 
French Commissioners were but very equivocal repre- 
sentatives of Justice ! " 

At first sight, the general reader may feel resent- 
ful that a simpler and more truly English name should 
not have been selected for the Labyrinthodonts. In 
this case, however, there is something in a name, for 
the labyrinth structure of the teeth points to a relation- 
ship with some ganoid fishes, which also possessed 
labyrinth-built teeth. It is also known that certain 
reptiles possess teeth showing an approach to the same 
structure. Professor Owen first examined these fossil 
teeth, and discovered that their internal portion was 
made up of a series of foldings lined by a continuation 
of the external cement of the teeth. The name L&by-- 
rinthodont, then, awkward though it appears, always 
reminds us that the fossils bearing this name have the 
same peculiar teeth. Also, that this structure brings 
them into relationship with the lower fishes on the 
one hand, and the higher reptiles on the other. 

Pishes and reptiles, as is well known, form two 
clearly-defined classes, perfectly distinct, one from the 
other. The Labyrinthodonts^ it has been discovered, 
form a series of " missing links " between the classes 
of fishes and reptiles. They are termed, in a general 
way. Amphibia,^ and Batrachia, from the Greek 

1 Qrcek-^Amphi, both ; bio8, life. 
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— Batrixchos, a frog. Joming in their uncoath forms 
the character of frog and a true reptile, they have 
been called frog-reptiles, showing at the same time 
some affinities to fishes. The name Mastodonaaurus 
was given them by Professor Jager, but it must not be 
taken to indicate any affinity with the true Mastodon, 
which was an extinct elephant of a much later 
geological age. We have also made use of the term 
" frog-like reptiles/* but, curiously enough, although 
not by any means an unsuitable name, it is not now used 
in the sense it was originally intended. The first 
restoration of the creature was made by Mr. Water- 
house Hawkins, whose models of extinct monsters are 
so well known in the Crystal Palace Grounds. Al- 
though wonderfully successful in other reconstructions, 
Mr. Hawkins was somewhat unfortunate in clothing 
with flesh the dried bones of the Labyrinthodon. The 
fact is, he had not enough bones at his disposal, and 
so his restoration was based on imperfect materials. 
Mr. Hawkins' idea of a Labyrinthodon in life is seen 
in Fig. 39, and as we know now, it gives the creature 
too much of a frog-like aspect. In later years, more 
perfect fossils have been discovered. They show us 
that a tail was well developed, with legs quite as much 
adapted for walking as for swimming. We can, as 
already stated, with propriety retain the name frog- 
lizard, for it has been discovered that some, at least, of 
the Labyrinthodonts underwent a series of changes 
similar to the metamorphosis of the common frog. 
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Dr. Fritseh described some small forms from the 
Carboniferous of Bohemia^ in which traces of the gills 
of their early life were preserved, showing that they 
breathed in water as fishes do. 



Fie. 34. — Head of MastodoDsauras. One-seventh the natural size. 

While this chapter is being written, the Associa- 
tion for Science, meeting at Sydney, is publishing the 
fact that its members succeeded in having a whole 
island reserved on the New Zealand coast for the 
Tuatara lizard. Now, it may be asked, what possible 
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connection can tbere be between the Tuatara lizard 
and the extinct Labyrinthodonts that pottered round 
the ancient swamps^ which in Triassic times spread ont 
where Sydney now stands ? In Pig. 34 we have repro- 
duced the skull of a Labyrinthodont, A little forward 
from the base of the sknll^ and behind the eye cavities^ 
a small round hole may be seen^ just over the brain 
cavity. It represents the site of a small third eye. 
Now^ on studying living animals^ we find that the 
little Tuatara lizard of New Zealand has a small 
aperture similarly situated^ and overlying the rudi- 
ments of an eye. The ancestors of the Tuatara lizard 
no doubt made use of this third eye, and it is 
extremely probable the Labyrinthodonts made a like 
use of a third eye. So it comes to pass that the 
Tuatara lizard throws some light upon the use of that 
aperture in the ancient Labyrinthodont. 

As is well known, the vertebrae of the backbones 
of fishes have hollow articulating surfaces. A single 
vertebra of a fish will be found cupped-shaped on 
both surfaces. Indeed, this is one of the characters of 
the backbone of all fishes. The backbone of Labyrin- 
thodont has similar cupped-shaped vertebrae. So 
we have here a certain connecting link with fishes. 
We have said enough now to show the interesting 
position of the extraordinary creatures we are describ- 
ing. Quite sufficient to bear out the contention that 
they are really connecting links between the two well- 
defined classes of fishes and reptiles. The affinities of 
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Labyrinthodonts will be best understood for the general 
reader by the following tabular statement : — 



Mastodonsaubus is 
Allied to Fishes. Allied to Reptiles. 



It was a cold-blooded 
vertebrate that 
breathed by lungs, 
and lived mostly 
on the land. 

It had a bony skele- 
ton with well- 
developed ribs. 



Differs from 
Reptiles. 

By having two con- 
dyles, and by 
breathing by gills 
when young. 

The whole of the 
upper portion of 
the skull is roofed 
in by a single bone. 



By having cup-shaped 
vertebrae. 

By breathing with 
gills in the earlier 
stages of its growth. 

The vertebrae are 
composed of three 
separate pieces, an 
arrangement pecu- 
liar to some primi- 
tive fishes. 

The infolded teeth 
connect it with 
some ganoids. 



With regard to the imprints resembliog the 
impressions of human hands, and already referred to, 
it may be inquired if these are really the tracks left by 
Labyrinthodonts. 

As far back as 1834 a German geologist, Dr. Kaup, 
proposed the name Gheirotherium^ for the great un- 
known animal that left the footprints. As Sir B. Owen 
points out, the impressions of the Gheirotherium 
resemble the footprints of a modern salamander in 
having the short outer toe of the hind foot projecting 

I Greek— CA«ir, hand ; t/ierwn» beaet, 
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at right angles to the line of the middle toe, but yet 
are not identical with those of any known batrachian 
or reptile. Still it has been conjectared by the same 
great authority, as well as by others, that these foot- 
prints were the work of the creatures now known as 
Labyrinthodontg, which have left their remains in 
rocks of the Carboniferous, the Triassic, and the Per- 
mian ages. He argued as follows : — 

(1) There is proof from the skeleton that the 
Lahyrinthodon had hind limbs larger than its fore 
limbs. 



Fio. 35.— Skull of Mastodonsaurua. 

(2) That the size of the known species of Labyrin- 
thodon corresponds with the size of the footprints of 
the Gheirotherium, 

(3) The Lahyrinthodon occurs in the Triassic 
strata, in which the Gheirotherium impressions are 
found, 
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(4) That no remains of animals likely to have 
produced sach impressions are found in these strata^ 
except the Labyrinthodon. 

It will be remembered that we are dealing now 
with the Lower Secondary or Lower Mesozoic rOcks, 
and no picture of the life of this period would be com- 
plete without a reference to the extraordinary forms of 
life that characterise the period as disclosed by an ex- 
amination of these rocks in Europe and America. We 
learn from the studies of localities where the Secondary 
rocks have been minutely examined^ that at this time 
quite new types of life became introduced to this earth. 
A new cycle begins differing widely from anything 
known in the preceding or Palaaozoic times. So 
decided is this change *that Page remarks : " If the 
FalsBozoic and Mesozoic fossils were arranged on 
opposite sides of a museum the difference would strike 
an observer as would that between the brute-man sculp • 
tures of Nineveh and the man-god of the Greeks and 
Romans.'^ 

The Palaeozoic corals had their septa arranged in 
fours; corals of later date in sixes. The Palaeozoic cham- 
bered shells had plain and simple divisions ; later shells 
have a most intricately folded division. Add to this 
that Palaeozoic fishes had unequally lobed tails^ while 
fishes of more recent times have the tail equally lobed or 
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undivided. But, above all, the Mesozoic time is distin- 
guished from all others by the extraordinary develop- 
ment of reptiles. Some of the ast(mishing characters of 
these creatures may be guaged from the names given 
to them by grave and serious scientists. **The huge 
leader in war," " the huge animal giant," "the terrible 
lizard," etc., etc. Figures of some of these creatures of 
other days will be found in the Century Illustrated 
Magazine for November, 1897, pages 12 to 22. Pro- 
fessor Hitchcock, after studying the wonderful abun- 
dance of the remains of these creatures, writes: "Who 
would believe that such a register lay buried in the 
strata ? To open the leaves, to unroll the papyrus, 
has been an intensely interesting though difficult task, 
having all the excitement and marvellous develop- 
ments of romance. And yet the volume is only partly 
read. Many a new page, I fancy, will yet be opened, 
and many a new key obtained to the hieroglyphic 
record. I am thankful that I have been allowed to 
see so much by prying between the folded leaves. At 
first, men supposed that the strange and gigantic races 
which I described were mere creatures of imagination, 
like the Gorgons and Chimaeras of the ancient poets. 
But now that hundreds of their footprints, as fresh 
and distinct as of yesterday, impressed upon the mud, 
arrest the attention of the sceptic on the ample slabs of 
our cabinets, he might as reasonably doubt his own 
corporeal existence as that of these enormous and 
peculiar races." 

F 



Digitized by 



Google 



146 Geology of Sydney. 

We have more than once referred to the fact that 
the age to which the Hawkesbury-Wianamatta series 
belongs, has been termed the "age of reptilea" Not 
that abundant life other than reptilian was unrepre- 



Fio. 36. — Stratified Triassio Beds exposed in a Railway Cutting, 
Gosford. 



sented, but the reptiles are par excellence the dis- 
tinguishing fossils. It is true that none of the remains 
of the better known of these enormous reptiles have so 
far been found associated with our Labyrinthodonts. 
It is more than probable, however, that such remains 



Digitized by 



Google 



Fossils. 147 

will yet be discovered, for the Ichthyosaurus and the 
Plesiosaurus have been found in the succeeding rocks 
(Cretaceous) west of the Dividing Range. 

We shall now give a short description of the more 
remarkable Triassic and Jurassic giant reptiles that 
were contemporaries of, and whose remains are found 
associated with, our own labyrinthodont in more than 
one quarter of the globe. In our descriptions we will 
follow, for the most part, the succinct account given by 
Dr. Dorman SteeL^ 

(1) The lohthyosauFUS (fish-lizard) is a striking 
illustration of a comprehensive type, having the general 
contour of a dolphin, the snout of a porpoise, the head 
of a lizard, the jaws and teeth of a crocodile, the verte- 
brae of a fish, the sternal arch of the water-mole, the 
paddles of a whale, and the trunk of a quad- 
ruped. Its habits were doubtless aquatic, while, like 
the whale, it breathed atmospheric air, and was thus 
compelled to come frequently to the surface of the 
water. Its neck was short and thick, its head large, 
and its body twenty or thirty feet long. Its jaws had 
an enormous opening, some having been found with 
160 teeth, which could be renewed many times, as above 
each tooth was always the bony germ of a new one 
The eyes were often two feet in diameter. Surround- 
ing the pupil of each was a circular series of thin bony 
plates. The fossil excrements of the Ichthyosaur are 
styled coprolite8,8bnd when polished are sold as jewellery. 

1 «• PopalM* Geology," by J. Dorman Steel, New York 1877. 
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They reveal distinctly the food and the internal organ- 
ism of the Mesozoic saurian. In them have been found 
the scales and bones of smaller animals of their own 
species. The quarries of Lyme Regis, in Dorsetshire, 
England, abound in the remains of the Ichthyosaur. 

(2) The PleBiosanp had the head of a lizard, the 
teeth of a crocodile, a swan-like neck, the trunk 
of a quadruped, the ribs of a chameleon, and the 
paddles of a whale. Its tail was shorter than that of 
the ichthyosaur, being only sufficient to act as a rudder 
in guiding the body. To compensate this loss and 
assist propulsion, its paddles were much larger and 
more powerful. Its appearance presented a striking 
contrast to that of its more ponderous foe, the ichthy- 
osaur, whose attacks it could escape by sinking to the 
bottom, while its long neck reached to the surface of 
the water and maintained respiration. 

(3) The Pterodactyle (wing-fingered), in its 
apparent monstrosity surpassed even the two reptiles 
just mentioned. It was so named because the bone of 
one finger was greatly expanded in order to support 
an extended membrane for flying. It was a true 
aerial reptile. Its wings resembled those of bata Its 
bones were hollow, like those of birds, but it bore no 
feathers, and had a mouth full of teeth. Remains 
have been found indicating a spread of wing of not less 
than sixteen feet ; but, in the usual species of the 
Liassic, did not exceed ten inches in length. Its 
ordinary position was upon its hind feet, walking up- 
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rightly, with folded wings, or perched on trees, or 
climbing along cliffs with its hooked claws and feet. 
The smaller ones lived on insects, but the larger 
probably pounced on struggling reptiles, or, diving into 
the water, preyed on fish. More than twenty species 
of the pterodactyle have been discovered. Poets have 
long pictured to us a flying dragon of the oldest time, 
which played a conspicuous part in pagan mythology. 
It breathed fire, and disputed with man the possession 
of the earth. In the Jurassic times we find the 
realization of this creature of poetic fancy, but it is 
only an uncouth reptile, utterly unworthy of those 
fabled conflicts in which gods and heroes shared, 

(4) Dinosaurs (terrible lizards) were land reptiles 
of enormous size that roamed elephant-like over the 
river-plains, or browsed in the forests of liOwer 
Mesozoic timea These included the megalosaiir 
Aylceosaur and iguanodon, etc., huge monsters from 
forty to seventy feet in length. The megaloaaur was 
carnivorous, having teeth curved backward like a prun- 
ing-knife, and with a double edge of enamel so as to 
cut like a sabre equally on each side. The iguanodon 
was herbivorous, twigs having been found fossilized 
in its stomach, and its teeth often being half- worn to 
the roots. A party of twenty-one scientific men, at the 
invitation of Dr. Hawkins, once took dinner within the 
restored body of this animal. On that occasion Prof. 
Owen, the celebrated palaeontologist, sat in the head for 
brains 1 This model contained 650 bushels of artificial 
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stone, 100 feet of iron hooping, 600 bricks, 20 feet of 
inch bar iron, 900 plain tiles, and 650 two-inch, half- 
round drain tiles; while in the legs were four iron 
columns, nine feet long and four inches in diameter. 



Fio. 37.— Croes Section of a LahyrirUhodoviJ^s Tooth^ magnified. 

There is a restoration of a megalosaur in the 
Crystal Palace at Sydenham, England. This model was 
also constructed under the direction of Dr. Hawkina 
On the back of the animal is a hump somewhat like 
the withers of a horse. From the few bones discovered 
at that time, this celebrated anatomist decided that, to 

1 Owen'B Paleeontology, Fig. 67. 
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make the huge head effective, a mass of muscle and 
bone on the fore shoulders was essential. This bimch 
was thought by other geologists to be a mere mon- 
strosity of his own invention. Subsequently, the dorsal 
vertebrae being found, the conclusion was proved to be 
correct. 

(5) The Labyrinthodont has been already suffi- 
ciently described. 

(6) The Rhamphorhynchus, the remains of which 
have been found in the quarries of Solenhofen, is a 
curious intermediate link between birds and reptiles. 
Its tail, a singular appendage, was long, reptile-like, 
and dragged upon the ground, while its footprints were 
bird-like. Stranger still. Marsh has found in the rocks 
of Kansas, in beds of the next succeeding age, remains 
of a bird with its mouth full of teeth set in sockets. 

It wiU thus be seen that we have a fairly wide view 
of the more remarkable forms of life of the Lower 
Mesozoic. This we owe entirely to the labours of 
palaeontologists whose tireless ardour is building up a 
new science around us. Professor Winchell describes 
the character of this age, as well as the importance of 
the work being done by the men who have drawn 
aside the heavy curtains of time, and given us the 
privilege of looking so far into the dim and distant 
past. He writes : — 

" The Triassic Age witnessed also the advent of 
multitudes of marine saurians of the family of Ichthyo- 



>* Sketches of Creation,*' p. 175. 
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9aur8, having enormous cavities in their craniums for 
the lodgment of the eyes. This type of reptiles is 
restricted to this single age of the world. Here also 
crawled reptiles resembling gigantic lizards, semi- 
aquatic or purely terrestrial in their habits, having 
feet for walking, instead of flat oar-like extremities for 
swimming." 

" These forms all disappeared with the dawn of a 
new era. Their bones lie buried in the geological 
cemeteries of Europe. It is almost incredible that 
information so exact can be drawn from the few 
scattered fragments which have been brought to light; 
but such is the unity and persistence of plan which 
runs through the different classes of the animal king- 
dom, that a single tooth, whether of a living or an 
extinct species, will often suffice to enable the expert to 
disclose all the zoological relationships of the animal 
to which it belonged, to delineate its form, and size, and 
habits of life ; as the architect from a single capital 
rescued from a ruined edifice can declare not only the 
general style of the entire architecture, but can repro- 
duce the size and proportions of the temple whose spirit 
and method it embodies. Not less sublime than the 
work of the astronomer, who sits in his own observa- 
tory, and, by the use of a few figures, determines the 
existence and position in space of some far-off, unknown 
orb, is that of the palsBontologist, the astronomer of 
time-worlds, who, from the tooth of a reptile, or 
the bony scale of a fish found thirty feet deep in the 
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solid rock, declares the existence, ages ago, of an 
animal form which human eyes never beheld — a form 
that passed totally out of being uncounted centuries 
before the first intelligent creature was placed upon our 
planet ; and by laws as unerring and uniform as those 
of mathematics, proceeds to give us the length and 
breadth of the extinct form ; to tell us whether it lived 
upon dry land, in marshes, or in the sea ; whether a 
breather of air or water, and whether subsisting upon 
vegetable or animal food. It is this unity of the laws 
of animal life and organisation running through the 
whole chain of existence, whether past or present, 
whether extinct or recent, that constitutes the sublime 
philosophy of palseontological studies, and assures us 
that one enduring and infinite intelligence has planned 
and executed every part of creation." 
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CHAPTER Yll— (Continued). 
THE FOSSIL PLANTS. 

THE HAWKE8BUBY-WIANAMATTA SERIES — THE FOSSIL 
PLANTS — GHABACTEB OF THE TEIAS8IG FLORA — FOSSIL 
PLANTS DESCRIBED — CLASSIFICATION OF FOSSIL PLANTS — 
THE SANDSTONES AND SHALES BELONG TO THE SAME 
GEOLOGICAL PERIOD — THE NARRABEEN SHALES ; THEIR 
ORIGIN AND DISTRIBUTION. 

Returning now to the fossil plants, we find that the 
rocks supply us with evidence detailed enough to 
picture to ourselves the trees and plants that clothed 
this part of the world in Triassic times. The difference 
between the vegetation of the South of England and 
Australia is as wide as it well could be. Excepting 
plants introduced by man, it can be safely said that 
there is not one tree, and very few species of smaller 
plants, common to England and Australia. The 
difference could hardly be greater. It may be safely 
said that the difference between the flora of to-day 
and the flora that flourished while our sandstones 
were being deposited in a shallow sea is just as great. 
The abundance of plant impressions in the shales, and, 
indeed, the carbonaceous character of the shales them- 
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Fig 38. — Permo-Carboniferous Fossils, ^ Newcastle Beds. 
1, 2. Qlosaopteris linearia, McCoy. Newcastle, Upper Coal 
Measures. 

3. Olo88opt€ri8 Browniana Bgt. Bowenfels, New South Wales. 
3a Part of Fig. 3, enlarged to show the venation. 

4. The same with somewhat narrower meshes. Newcastle 

Upper Coal Measures. 
6. Olossopterts anguatifolia Bgt. Black man's Swamp, New 

South Wales. Newcastle Beds. 
5a Part of Fig. 5, enlarged to show venation. 

1 From Feistmantel'B Coal and Plant-bearing Beds of £a8tem Australia 
Sydney, 1890. 
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selves, is proof, if proof were needed, of the abundance 
of vegetable life. We have a fair knowledge, too, as 
to its variety, but not a single species that flourished 
then survives to-day. 

The ruling forms of vegetation of Mesozoic rocks 
are Cryptogams, Lycopods, Equiseta, Conifers, and 
Cycads. The study, therefore, of Mesozoic plants is 
more restricted than the study of the almost endless 
variety of living plants. The real difficulty with the 
geologist is the finding of plants sufficiently well 
preserved to determine them. Looking at a slab 
of Narrabeen Shale, from the cliffs at Pittwater, 
we find its surface one confused mass of stems, with 
a few indistinct impressions of ferns, but hardly one 
in a perfect state of preservation. There are no 
traces of fruit or flowers ; even in Tertiary rocks we 
seldom have more than leaves preserved. But some 
eminent botanists, who have given themselves up to 
the study of fossil plants, distinguish species and 
genera, with the greatest confidence, from leaves 
alone. As a rule, botanists require the fruit and flower 
for the determination of a plant. The present writer 
collected plants in the interior of this colony for many 
years, having them named by the late Baron Ferdinand 
von Mueller. If by any chance I asked the name 
of a plant of which I only sent leaves and branches, 
the Baron, by a quaint mingling of idioms, invariably 
replied, "By their fruits you shall know them." 
Geologists, however, have to determine plants mostly 
without flower or fruit. Of course, the leaves of som© 
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natural orders are quite distinctive. The Myrtacece are 
remarkable for their oil glands, the leaves of Rutacece 
are known by their oil dots, the Proteacece by the fibres 
of the leaves, and the leaves of Conifers and Gycada are 
also characteristic. But palssontologists, such as Heer 
and Ettingshausen,. go further, and distinguish fossil 
leaf from leaf, in a manner quite incomprehensible to 
the student. A shepherd can see a different face on 
every sheep in his flock, while to an ordinary observer 
there would be no possibility of distinguishing them. 
So it is when botanists give themselves up to the 
study of fossil plants : they doubtless become skilled 
to an extent quite beyond the reach of a beginner. 

The fossil plants found immediately around 
Sydney differ entirely from anything now living in 
Australia. At the same time, they are not so far 
removed from living forms as, for example, the plants 
of the Carboniferous period. The whole history of the 
earth, as far as plants are concerned, may be divided 
into three great eras: the first and most ancient, 
characterized by giant lycopods, horsetails and ferns ; 
the second, characterized by ferns, lycopods, cycads, 
conifers, and palms ; and the third, and more recent, 
characterized by such plants as we see clothing the 
earth to-day — dicotyledons for the most part. The 
Hawkesbury Sandstone, of Triassic age, belongs, of 
course, to the second of these eras. 

Let us picture to ourselves one of these Triassic 
forests that once clothed the hills and gullies where 
Sydney and its harbour stand to-day. But, first of 
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all, were there forests ? No doubt about it. Every 
bed of coal represents a succession of ancient forests 
that grew for ages — how many ages we will say when 
treating of coal itself. For the present it will suffice 
to refer to the seams of coal, and to the extensive 
deposits of carbonaceous shales around Sydney, as 
evidences of the existence of these ancient foresta 



Fig. 39. — Lahyrinthodont restored J Remains of Ldbyrinthodanta 
have been found as fossils at Biloela and St. Peters, Sydney. 

There remains, however, something to be said as to 
their character. To begin with, they did not resemble, 
from a botanical standpoint, any living forests. Great 
marsh plants, immense ferns — someof them tree-ferns — 
palms, and horsetails, and ly-copods, were the most 
characteristic forms of plant life. We can well picture 
to ourselves a dense undergrowth of the stately plant, 

1 Since this was drawn, more perfect fossils have been discovered which would 
modify the figure by the addition of caudal vertebr». 
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McLcrotosniopteris, illustrated in Fig. 4. One plant 
which must have been extremely common is shown in 
Fig. 30. The name (Thinnfeldia odontopteraidea) is 
certainly unfortunate, being neither elegant nor appro- 
priate; but it may be considered quite a characteristic 
fossil, for wherever the Hawkesbury Sandstones occur 
there this plant is found. It is not quite certain whether 
it was a fern or a conifer, but of its abundance there 
can be no possible doubt. Magnificent impressions 
have been found in the sandstones and shales around 
Sydney, at Mount Victoria, and as far west as Dubbo. 
The Dubbo specimens are remarkably fine, and some of 
them have been figured by Feistmantel in his Mono- 
graph on the Fossil Plants of the Coal-hearin'g Rocks 
of Eastern Australia, although their true locality is not 
mentioned in that work. Recognisable specimens may 
be expected almost anywhere, but they are particularly 
abundant on the thin shales interbedded in the sand- 
stones around Sydney, and in the shales exposed in the 
cliflb at Narrabeen. Some of its fronds measured three 
feet in length, and the great abundance of these 
imprints shows that the plant must have grown plenti- 
fidly around the old lagoons that are now beds of 
shale. Writing of Thinnfddia, the late Rev. J. R 
Tenison- Woods, says : — 

" The genus Thinnfeldia is known by its stout, 
strong, and fleshy leaves. The pinnules are stiff and 
shining, and of varying shape. The rachis forks 
frequently, the leaflets are oblong, oval, and united to 
one another by the base on the rachis. There is a 
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medium rib, but it vanishes towards the apex; the 
veins emerge at an acute angle, but spread out as they 
lengthen, forking into venules, all of which reach the 
margin. This is entirely a Mesozoic genus, and all 
the European examples belong to the Rhsetic or Lias. 



Fig. 40. — (1) Rhaeopteris inoequilcUerdf^ (Gopp). A Carboniferous 
fossil fern from Stroud. (la) A leaflet enlai>ged. 

Some species have been found in strata of nearly the 
same age in India. They were evidently strong ferns, 
with large fronds and thickly-wooded stems. The 
peculiar character of the leaf is entirely different from 
any ferns of the present day, so that botanists at first 

1 Feistmantel : Coal and Plant-bearinr Beds of Eastern Australia and 
Tasmaaia, 1890, Plate tU. 

G 
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were inclined to think that they had to deal with some 
of the flat-leaved conifers, such as our own PhyUo- 
cladua, or celery-topped pine, which inhabits New 
2iealaad, Tasmania, and Borneo. It would seem rather 
difficult to decide whether we are here dealing with a 
fern or pine, because the venation of the leaves of 
some conifers is so vory like that of a fern ; and what 
makes it still more remarkable in the case of our 
common species is that, though we meet with large 
quantities of leaves in every stage of development, 
there has never yet been seen the least sign of fruit. 
Then the stipes are so enormously thick and woody, 
and the mode of insertion of the leaflets so peculiar. 
However, the best authorities have decided that it 
is a fern, and as such, for the present, we must 
regard it." 

Another plant of very great interest is TcBniopteris 
a near relation of which, Macrotceniopteris, is shown in 
Fig 4. In the figure referred to the fronds do not 
resemble those of a fern, any more than the leaves of our 
common bird-nest fern are suggestive of ferns. Tceni- 
opteris, and its other closely-related forms, are ferns 
with simple fronds of one leaf, having a well-marked 
mid-rib, and numerous veins emerging from the mid- 
rib at an oblique angle, but almost immediately becom- 
ing horizontal. Some of the veins fork once, rarely 
twice, and all reach the margin. True Tooniopteris is 
confined to the Secondary rocks in Australia, and is a 
characteristic Mesozoic plant, so much so that a single 
specimen of TcBnioptei^ found in association with 
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coal is sufficient to establish the Mesozoic age of the 
coal. There are coal-bearing beds, for instance, on the 
Clarence River, but with them are found TosniopteTia. 
On this account geologists do not hesitate to place these 
coal-beds much higher up in the geological series than 
our true Australian Coal Measures, as developed at 
Newcastle (see Fig. 44). Another illustration of the 
importance of this fossil in geological chronology is 
seen in its relation to the artesian water-bearing beds of 
the North- Western district of New South Wales< For 
many years past the Cretaceous rocks of the colony — 
a marine formation, by the way — were believed to be 
the source of artesian wat^.r. Recently attention has 
been drawn to the fact that i^ocks very much older 
than Cretaceous were supplying artesian water at 
Dubbo and Coonamble. More recently the beds that 
supply artesian water on Salisbury Downs Station 
were found to underlie Cretaceous rocks, and to con- 
tain ToiniopteHs} This at once shows that these beds, 
whatever else they are, are not Cretaceous. And we 
are brought face to face with the question as to whether 
there is any real evidence of artesian water being 
derived from Cretaceous rocks in New South Wales. 
Tceniopteris, then, is an excellent illustration of the 
principles to which the study of fossils has been re- 
duced. It may be well, while dealing with this fossil, to 
say that it is never found in the Newcastle beds, or 
associated with coal of the same age as Newcastle coal. 

1 See abstract of a Report by the Aathor, Daily Telegraphy January 20th, 
1894 ; and also an abstract of a Paper on Artesian Water In Mew South Wales, 
Sydney Morning Merdldf January 12th, 1898, page 4. 
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The Newcastle series (Palssozoic) are always to 
be known by the abundance of the fossil fern called 
Olossopteris, and the Ipswich series by a fern called 
Tceniopteris. It will make things a little clearer to 
anticipate some points of classification, and here note 
what kinds of ferns are those just named. Olossopteris 
is a simple, entire leaf with a mid-rib, and the small 
veins united or netted ; that is to say, joining so as to 
form a reticulated mass. Tamiopteris is a simple, 
entire leaf with a mid-rib, and the smaller veins pro- 
ceed from the mid-rib, at nearly a right angle, towards 
the margin. These veins seldom divide or fork more 
than once, and these branches never unite to form 
a net. 

Olossopteris belongs to the family Dictyopte- 
ridece, a name which explains itself, since diktvA>n is 
the Greek for a net, and this family is meant to 
include all ferns with a netted venation. Some readers 
may be inclined to ask, — Is this a very natural division V 
or whether, among living ferns, those with netted 
veins stand apart as a peculiar family ? They do 
not ; in fact, netted veins and simple tongue-shaped 
fronds, with a mid-rib, are found in almost every 
family. Botanists are obliged to take what they can 
get as a means of grouping fossil ferns ; and though 
no fault can be found with this, we must bear in mind 
that artificial methods of classification l?ring together 
very difierent forms. We give the name of Olossop- 
teris to simple fronds with a costa and netted veins ; 
but the same definition would at the present day 
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include more than a dozen different genera, distin- 
guished widely from each other by their fructification, 
their habits, and the climates they affect. 

Glossopteris hroviniiana may be said to be the pride 
and glory of our Australian coal fossils. It ma34)efound 
of almost any size. It is beautifully tongue-shaped ; 
hence the name. It appears from Dana's specimens 
that the leaves grew in clusters, or bunches, and from 
an Indian species that the fructification was scattered 
in little round dots, in rows on the leaf. This is 
nearly the fructification of Microsorum irioides, or 
Polypodium, which grows on the Queensland coasts. 

Olossopteris is best known from 0, browniana, a 
very common fossil in all the Newcastle coal-beds. 
Nine or more species have been described by various 
authors, and though they depend for their distinction 
(»n minor peculiarities of veining and shape, one must 
not easily reject them, as they may really represent 
different genera. 

Another interesting form is Cycadopteris. Cycads 
are plants or small trees very much like palms ; they 
are rather common in the Mesozoic beds of Europe, but, 
as is well-known, are quite extinct in that portion of 
the world, no surviving Cycad being known in Europe. 
The Cycads are tropical or sub-tropical plants rather 
common on the East coast of Australia. English 
Geologists, accustomed to the marvellous development 
of these plants in Oolitic times, look with great interest 
on our Cycads, as examples of living fossils. 
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Phyllotheca is also a common fossil in the shales 
about Sydney. It is also found in the Newcastle Beds, 
and, on this account, when found in association with a 
thin seam of coal at Blacktown, near Sydney, persons 
were led into the mistake of thinking that the coal 
seam in question was an outcrop of the true Coal 
Measures. Phyllotheca is connected somehow, or has 
much in common, with the Equisetaceee or Horsetaila 



Fio. 41. — Macrozamiay a living Cycad ; common in the Illawarra 
coastal district, and known as far west as Dubbo. 

Visitors to the Blue Mountains will remember the 
bundles of so-called moss sold at the railway station ; 
this is commonly known as " Mountain Moss," but is 
in reality a Lycopod. In former periods of the earth's 
history Lycopods, with stems forty and fifty feet high, 
formed vast forests, and we only know their life- 
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history in as far as we can study the living Clab 
. Mosses. The name Club Moss suggests some resem- 
blance to true mosses^ but they also combine in 
themselves features usually associated with ferns and 
conifers. 

Sir Frederick McCoy figured a specimen show- 
ing the fructification of Phyllotheca. The illus- 
tration can be found in Volume I.^ Part 3^ of 
the Papers and Proceeddngs of the Royal Society 
of Van Diemen^s Land, issued in January, 1851. 
Up to the present time no better examples of 
the fructification of this plant have been discovered. 
Impressions of Phyllotheca are astonishingly abun- 
dant in some of the shales of the Permo-Oarboni- 
ferous at Newcastle^ and in the carbonaceous shales 
near Narrabeen. We have here an inviting and 
fertile field of research for the amateur geologist. 
Phyllotheca played an important part in the physi- 
cal geography and geology of the country around 
Sydney long ages ago. Forests of it covered the 
land before any one continent as we know them 
to-day was finally raised from beneath the sea. 
Its woody stems formed beds of coal, and its spores 
gathered into beds now represented by highly in- 
flammable shales. Yet practically nothing is known 
of the life-history of Phyllotheca. There is material 
more than enough in the shales — Nature's cabinets 
— along our seaboard to stock the museums of the 
world. It only awaits the energy of some student 
to piece together the scattered fragments and read 
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for us the story. The Lycopods are but small 
plants^ and quite insignificant in comparison with 
what Lycopods have been in former periods of the 
earth^s history. They were all trees at that time 
— ^trees with stems 20 to 45 feet high — and very 
ornamental trees, if we may judge by what is left 
to us of their trunks and leaves. In those days 
flowers, properly speaking, had not come into exist- 
ence ; at least, if they existed they have left no traces 
of their presence. So, most of the bright pageantry of 
our floral kingdom did not adorn the forests, but in 
its place were elegant forms, and it may be, for all 
we know, varieties of colour too. Instead of the 
rough bark and gnarled, twisted boles of the forest, 
there were graceful, tapering stems, covered with 
lozenge-shaped patterns below, and with long, graceful, 
scale-like leaves above. They were simple forms of 
vegetable life, according to the way we speak now, 
though in one sense their ultimate organisation was 
as intricate as any in the present time. There were 
not so many special organs, and there was certainly 
not anything like the variety of the vegetable 
kingdom of to-day. From the wide distribution of a 
few species all over the world, we see that plant life 
was then simple and uniform. It served its purposes, 
whatever these were, lived its life, and then left us a 
valuable legacy in the shape of coal. 

For the convenience of students anxious to bear 
in mind the classification of fossil plants, I insert a few 
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descriptions of the leading divisions of fossil plants, 
from some articles contributed to the Sydney MaA, by 
the late Rev. J. R Tenison- Woods. He thus defines 
the principal families of the fossil ferns : — ^ 

(1.) Sphenapteridce. — Fronds, entire or subdivided ; 
divisions lobed or wedge-shaped, with a dentate 
margin; a slender costa often dividing towards the 
apex or vanishing ; veins reaching the margin of the 
lobes ; venules wanting indistinct or only proceeding 
from the lower veins. 

(2.) IfetiropteridcB. — Fronds, with usually larger 
and more entire subdivisions than the last ; veins ex- 
tremely numerous and slender, curved, forking 
frequently, and reaching the margin. They emerge 
from a costa which always, if present, vanishes in sub- 
divisions, or the veins arise from the rachis. 

(3.) PecopteridcB. — Fronds, with usually entire sub- 
divisions, adhering to the rachis by the whole base 
of the pinnules, which have a conspicuous costa reach- 
ing the apex ; veins forking ; venules forking twice or 
thrice, but rarely anastomosing. Thinnfetdiay as 
described on page 160, comes under this family. 

(4.) TceniopteridcB. — Fronds, simple or pinnate, sub- 
divisions long, entire lanceolate, stalked, or sessile; 
costa conspicuous, veins emerging obliquely, usually 
becoming horizontal, simple, or forking once. 

(5 ) Dietyopteridece, — Fronds, simple or pinnate, with 
or without a costa, but always with a netted venation. 

1 Theie iateripttonB IwTe been tlterea somewttat by the present writer. 
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Besides these divisions, there are fossil ferns which 
clearly belong to existing families, and are classified 
with them. It is, however, rarely that we meet with 
such plant remains, and they must generally be iden- 
tified by the fructification, 

A number of plants other than ferns constantly 



Fig. 42. — Tamiopteris Daintreiif^ McCoy. A Triassio Pern. 

associated with our Coal Measures and Triassic rocks 
may be simply classified as follows : — 

Equiaetum. — Leaves united in an entire persistent 
sheath round the stem, which never form themselves 
into separate leaves ; divisions ribbed or smooth. A 
specimen is known from the Hawkesbury Sandstone. 

Schizonev/ra. — Leaf sheath very long, and in its 



\ QuarU Jour. Geol, Soc. Vol. XX VIII, Piute xxvii. 
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youag stage united, but with age it splits along the 
line of the grooves between the ribs, and then every 
division becomes a long, narrow, strap-like leaf, joining 
a whorl round the transverse partitions. This genus 
has been noted in the Narrabeen Shales. 

Phyllotheca. — Sheath similar to Equisetuniy but pro- 
longed into long linear leaves, usually like threads of 
wire, spreading in a whorl. 

" PhyUotheca is at present little more than a generic 
name applied to jointed, and more or less costate, stems 
and branches, the latter springing from above the 
stem-joints, and bearing linear, verticillate leaves, with 
a central vein, free distally, but joined into a sheath 
proximally, and either erect or reflexed. As the name 
Phyllotheca was originally described from Australian 
material, it follows that the genus must derive its dis- 
tinctive characters from such, and whatever the fruc- 
tification eventually proves to be, so will foreign species 
fall within it, or be relegated to other genera." ^ 

GcUamites. — ^Tree-like plants, with jointed cylindrical 
stems, and long strap-like leaves, longer than the 
branches. The GcUamites are somewhat analogous to 
Equisetumy but the verticillate leaves are entirely free 
or confluent at their base. They had clusters of 
sporangia similar to Lycopods. This large genus of 
plants is subdivided into Gcdamocladv^, GcUamos- 
tachys^ Hvttonia, Macrostachyay and Boniia, which 
being minor distinctions need not occupy us here. 

Sphenophyllum, — Leaves in close whorls, wedge- 

1 B. Etheridge, Junr. Bee Oeol. Surrey of N. S. Wales, VoL IV., part 4. 
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shaped entire, but often deeply lobed or toothed, *on 
median nerve, and the minor nerves frequently forking. 

Anntdaria. — Leaves in close horizontal whorls, 
numerous, oval or tongue-shaped, with a medium rib. 

Schizoneura is a rather common Indian fossil, of 
Secondary age, which has never been found with our 
Permo-carboniferous coals, but was recognised in the 
Cremorne Bore, in beds of Triassic age. 

Most of the other genera mentioned need not occupy 
us, as they are rare. Schizoneura had a sheath also, 
and a number of longitudinal leaflets with a central 
vein attached along their margins. See reference to a 
figure of this plant in the list of fossils at the end of 
this volume. Sphenophyllum has been found in frag- 
ments only at Port Stephens, and Anmdaria at Greta 
Creek. They are both Palaeozoic forlns, and almost 
confined to the Coal Measures. 

The following is a list of the plants characteristic 
of the Hawkesbury-Wianamatta Series : — 

Some Fossil Plants of the Hawkesbury- 
Wianamatta Series. 
Fillicea : 

PecopteriB. 

SphenopterlB. 

AlethopteriB AuBtrallB— See Figure 43. 

CycadopteriB Boolopendrina— See Figure 9. 

MacPOtflBniopteriB WianamattsB— See Figure 4. 

Thinnfeldia odontopteroideB— See Figure 30. 

Danseopsis.* 

« Daneeopsis ia figured in The Fossil Flora of the Gondwana System by Dr. 
Ottokar Feistmantel (Mem. Geol. Suryey of India). There is a eopy in the Free 
Pablio Library, Sydney. 
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Fig. 43. — Alethopteris AvMraZis,^ Morr. A Mesozoic fossil fern, Capo 
Patterson (Vic. ), Ipswich (Qu. ), Clarence River and Narrabcen 
Shales (N.S.W.) 



1 McCoy's PaloQontolugy of Victoria. 
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EquisetacecB : 

Phyllotheca Australig. 
Equisetum. X 

CycadacecB : 

Podozamites lanceolatis. 
Otozamites. 

ConifercB : 

Jeanpaulia palmata — See Figure 9. 

Subsequently referred to as ScUisburia palmata,* 
Schizoneupa Austpalis, 
Oleandridiam lentpiculiformis— See Figure 3. 
Ottelia prsBterita. t 

Sheath- wings of Coleoptera have been found associated with 
these plants. 

These might be described as the flora of the 
thickets and swamps. Of the trees of the uplands we 
know nothing. The carbonaceous character of the shales 
is evidence that plants flourished in great profusion. 
We have vast beds of shale, and every layer reveals 
imprints of numberless specimens. The description 
given by Winchell would apply in every line to our 
fossiliferous shales. Each bedding plane is covered 
with " inimitable representations of the delicate fronds 
of ferns. We remove a scale of the rock, and behind 
is still another picture. Eemove a second, and from 
the dark black rock gleams forth another form of 
grace and beauty. The whole mass of the shaly roof 
is a portfolio of inimitable sketches. The sharpest 

t Proc. Linn. Soc. N.8. Wales (2nd Scries), Vol. V., plate XVII. 
• ,. » >f ». M Vol. II., p. 137. 

t Royal Society, N.S.W^ 1870, p. 95. 
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Brown Coal or Lignite of Tertiary Ajpe. A bed 
on the South CkMut. near Merimbula, is 20ft. 
in thicknesg. 



Thin seams of coal occur in the Wianamatta 
Shales, and in beds of Mesozoie Age about 
Ballimore, on the Talbragar Birer. Mo 
Marine fosails are known, but fassil plants are 
abundant. Thinnfeldia and TteniopterU are 
characteristic, but Glossopteris is absent. 

The teams of coal worked at Newcastle 

belong to the Upper Ckial Measures. 

The best known are, in descending 

UDoer order:—!. pHrburv's Seam ; 2, Great 

»^'"" Northern Seam; 3, Burwood Seam ; 4. 

Coal Dirty Seam ; 5, Yard Seam : 6. Bere- 

McaaurAM ^^^^ Seam. Glossoptcris abundant. 

The Dempset Skrikb 2,000 feet In 

thickness separate these coal seams 

from the underlying Tomago CJoai. 

Measures. 



The UppEa MAaiNs Beds are about 5,000 

feet in thickness. The folio wing divisions 

Upper are recognised in descending order:— 

Marine i ^ g^g ^^^^ Crinoids 6l Sanguinolites 

Series- 2, Beds with abundance of Spiri/ers 

9, Muree Rock. 4, Conglomervtcs. 



Lower OasTA CeAL Mrasurks, with no 

Coal Marine Shells. Fossil plants 

Ieatar6l« abundant. Olossopteris common 

The Lower Marine Skries is 

Lower ^^jjyj 2,000 feet in thickness 

Marine Eurydesma cor data is charac- 

>eries terlsiic. 



bin seams of inferior coal are known to occur in 
Carboniferous beds, but no scams of economic 
importance have been found. Carboniferous 
rocks are well developed in the Stroud district 
No Olossopteris is known lut RhacopterU and 
Lepidodendron are abundant 



Fig. 44— Succession of Coal-bearing rocks in New South Wales. 
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outlines and minutest serratures of the leaves are 
clearly traced. The very nerves, with their charac- 
teristic bifurcations, are accurately depicted on this 
wonderful lithograph. Petioles, buds, and woody 
stems, cones and fruits, slender grass-leaves, striated 
rushes, the fluted stems of gigantic club-mosses, 
the scarred and pitted trunks of extinct tree-ferns, 
diversify by turns the crayon sketchings of the dusky 
ceilings. Prostrate, all ! They have stood erect ; the 
soil has held them by their spreading roots, the genial 
sunlight has warmed them, the vital breeze has fanned 
their verdant foliage ; change, which transforms all 
things, has swept over them, and graceful fern and 
giant club-moss, slender reed and arrogant conifer, 
have lain down together on their couch of sediment, 
and the old sexton. Time, has piled upon them the 
accumulated ashes of a hundred succeeding generations 
of trees, and herbs, and perished populationa" 

In a work issued as this chapter goes to press^ 
many of the fossil plants referred to here are grouped 
under the general heading Equisetales, These are 
then divided into Recent and FossU Equisetales, the 
latter being thus grouped — 

I. Equisetites. 
II. Phyllotheca. 
FOSSIL EQUISETALES < III. Schizoneura. 

IV. Calamites. 

V. ARCHiEOCALAMITES. 



1" Fossil Plants." A. 0. Seward. Oambridge UniTeraity Press. 

Tiote.—Sehizoneura^ Oleandridiumy and Ottelia do not belong to the family 
OoniCene. Through imperfect spacing on page 175, they appear to be classed under 
that head. 
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The Narbabeen Shales. 
The NaFrabeen Shales, which underlie the Hawkes- 
bury Sandstones, are so named from the fact that these 
beds are well exposed on the coast about Narrabeen, to 
the north of Manly. These Narrabeen Shales form the 
lowest beds of the Hawkesbury-Wianamatta seriea 
They are also at the basement of the sediments of 
Mesozoic age. Between their lowest layers and the 
coal-bearing rocks below there is a geological break, 
representing a vast period. Around Sydney, the Nar- 
rabeen Shales are seemingly conformable to the under- 
lying PalsDozoic rocks. The fossils, however, show that 
a vast change had come over the face of the earth 
between the deposition of the Permo-Carboniferous 
and the overlying Narrabeen Shales. In fact, in most 
parts of the world, between Primary and Secondary 
rocks, there is a great change in both marine and 
terrestrial life, as stated on page 144. Here, close to 
Sydney, we have rocks in contact, but which are 
separated in age by a great interval diflScult to mea- 
sure in years. Daring this "interval" — ^not, perhaps, 
synchronous all the world over— nearly all the plants 
that characterised the coal period have disappeared, 
and the oldest known mammal appeara With the close 
of the Palaeozoic, marked here by the junction of the 
Narrabeen Shales and the Permo-Carboniferous, all the 
corals with septa in groups of four (Rugoaa) dis- 
appear for ever. Oraptolitea and TrUobitea have long 
since become extinct, and the greater number of the 
lamp-shells named Brachiopoda ceased to live, although 
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a few survive to this day with a persistence that is 
not easy to understand. We find no more Olossopteris 
or Vertebraria, But we find, in their place, a large 




^^^Sfi^i^iiaiiSli^ 



Fig 45. — Sketch Section at Capertee. 

fi. Hawkcsbury Sandstone; b. Permo-carbonlferous resting unoonformably on 
Silurian Siate, a. 

and robust fern (if fern it be), Thinnfeldia odontop- 
teroidesy which is common to both Hawkesbury and 
Wianamatta, and Ottelia prceterita, a large water- 
plant, with fenestrated leaves. 



Fig 46.— Sketch Section at Bundanoon. 
Professor David drew attention to the fact that 
an unconformity may be observed between the 
Narrabeen beds and the Permo-Carboniferous coal- 
measures in the Hunter River district in the neigh- 
bourhood of the Pokolbin Hills. As already stated, 
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vmconformities indicate an interval of time, during 
which great changes may have taken place, of which 
the records are " either entirely lost, or have to be 
sought elsewhere." 

In figure 45 we have an example of an un- 
conformable succession, where Permo-Carboniferous 
beds are shown resting on the upturned edges of 
Silurian strata. These last highly-inclined rocks were 
laid down as more or less horizontal beds one above 
the other. They hardened and compacted probably 
under pressure, or in part by the solution and re-pre- 
cipitation of some of their mineral constituents. They 
were then elevated above sea-level, for they are of 
marine origin, by a folding or puckering of the earth's 
crust. The upper portions of the folds were sub- 
sequently worn down by denudation. Then they were 
once more depressed below the sea, and formed a floor 
on which succeeding marine deposits^ were laid down. 
Lastly, the old beds and the newer deposits they now 
carry were lifted again from beneath the sea, and the 
vast thickness of fresh-water deposits of the Permo- 
Carboniferous laid down during a protracted sub- 
sidence. Thus we see how it is, that an uncon- 
formity such as exists between the Narrabeen Shales 
and the Permo-Carboniferous means a long lapse of 
time with no record here to tell of the physical 
changes that were in progress or of the influences 
affecting the animals or plants that lived. 

1 ICarine beds are not shown in this sketch section although such beds are known 
in the Western districte. 
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182 Geology of Sydney. 

The Narrabeen beds can be studied along the 
cliffs on the coast, north of Long Reef. Here they are 
found rising from below the Hawkesbury Sandstone 
(Fig. 47), and show that chocolate-coloured hue that 
gives the name chocolate shales to these particular 
beds. The same shales were reached in a boring at 
Moore Park at a depth of 1000ft. below sea level. 
At Sutherland they are 520ft. below sea level. " On 
the side of the hills near the Metropolitan Coal 
Company's shaft, at Camp Creek, on the lUawarra 
Railway, 28 miles from Sydney, the chocolate shales 
crop out at 410ft. above sea level. Thence they may 
be traced along the face of the coast range as far 
south as Saddle Back Mountain, near Kiaraa. Their 
thickness has not been definitely ascertained, but it 
is probable that the whole of the strata, including 
shales, sandstones, and fine conglomerates, 1573ft. 
thick, lying between the Hawkesbury Sandstones and 
the top seam of coal passed through in the Sutherland 
Bore, should be regarded as one series. At Camp 
Creek these strata have thinned out to about 920ft. 
in thickness, and at Bulli to about 700ft., gradually 
diminishing towards the south; whilst to the west, 
in the Berrima district, they have disappeared, and 
the Hawkesbury Sandstone rests directly on the coal 
seam."^ 

r In the section shown (Fig. 46) the Hawkesbury 
Sandstones are seen resting directly on the Permo- 

1 0. S. Wilkinson, P.G.S. "Handbook of Australian Association for the 
Advancement of Soience.** 1888. 
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Carboniferous, the intervening Narrabeen Shales 
being absent. In most o£ the gorges on the 
mountains, beyond Mount Victoria, the Narrabeen 
beds can be easily recognised cropping out in the 
cliffs, the reddish-brown colour of some of these 
shales contrasting strongly with lighter coloured 
sandstones. They can be seen to advantage, also, in 
the cuttings on the railway, above Eskbank. The 
Narrabeen beds are not more than 350ft. in thickness 
on the western flank of the mountains above Lithgow. 
These shales are, therefore, not unlike a great saucer, 
the centre and thickest portion of which is under the 
district around Sydney, and the thin edge of which 
sweeps round from Coal Cliff to Lithgow, and from 
there to the coast north of Narrabeen. 

Obigin of the Nabbabeen Shales. — Glancing 
at a collection of the fossils that occur so plentifully in 
the shales, we note an abundance of plant remains, 
many in a beautiful state of preservation. The only 
shells known to occur are decidedly not Tnarine, 
There is, then, no evidence of the shales being a 
marine formation. They were certainly not depos- 
ited in the sea. But this much we do know, they 
were laid down as sediments in water. One of the 
most impressive of the silent witnesses to this fact is 
the " ripple-marks " still preserved on some of the 
slabs. The lapping of the water on the as yet un- 
hardened sands left lines of tiny ridges along the 
edges of a Jake. Dry sand was then blown down, and 
in this way a mould was cast that has lasted to this 
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day. Plants grew thickly around the water's edge. 
Their remains form thick carbonaceous materials, and 
the fact that they are so perfectly preserved shows they 
were not drifted far, but grew close by where we now 
find them. We must picture the area now occupied 
by the Narrabeen Shales as a land-locked lake of con- 
siderable extent. Rivers from the surrounding high- 
lands swept into this lake. A dense vegetation fringed 
the waters, and the hill sides were covered by the 
straight-stemmed and graceful PhyUotlieca. The 
sediments brought down by the rivers and deposited 
layer above layer we now recognise as the Nar- 
rabeen Shales. But it is obvious that a great tract of 
hill country must have been worn away to furnish 
material for the accumulation of so vast a mass as we 
see in these shales. What, it will be asked, was the 
nature of the country that was used up, so to speak, 
in the building of the Narrabeen Shales ? The hills 
were formed of Permo-Carboniferous strata, with 
lavas and volcanic ash deposits — the result of the 
volcanic outbursts towards the close of the preceding 
Permo-Carboniferous period. Part of the Narrabeen 
Shales are, therefore, said to be built up of re- 
distributed volcanic material. Much, if not all, of 
the volcanic materials, however, in these beds was, in 
Professor David's opinion, derived from ^'contempo- 
raneous volcanic eruptions, which produced layers of 
greenish-grey ash or tuff.^^ 

The peculiar red colour of the chocolate shales can 
be thus accounted for. Magnetite, a mineral contain- 
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Fig. 49.— Columnar Basalt, Kiama 
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ing up to 72 per cent, of iron, is a constituent of basalts^ 
tuffs, and allied igneous rocks. We are familiar with 
the yellow and red tints of iron rust, or oxide of iron. 
The mao^netite of the oriorinal rock is now altered into 
many varieties of iron oxide, and acts as the colouring 
constituent of the shales. Iron, in its various forms, 
has been called Nature's colour-box, and the rich, warm 
hues of the chocolate shales, the soft yellows of the 
sandstone, and the rich reds of the ironstone bands are 
excellent examples of the variety and life given to 
rocks by iron oxide — ^Nature's universal dye. 

Summary of the Trias or Trias-jura. — 
Between the Palaeozoic and Mesozoic rocks there was 
a great break, during which the ^^ differentiation," as 
it is called, of the vital functions of animal life 
became more marked. There was also a progress in 
'' Cephalization,'' or head development. Other 
characters appeared, which are so obvious that even 
a slight acquaintance with geology is sufficient to 
impress one with the vast advance towards higher 
types made in the " great interval " between Palaeo- 
zoic and Mesozoic times. 

At the opening of the Mesozoic period the country 
around Sydney was undergoing depression. The 
basin now occupied by the Hawkesbury-Wianamatta 
series was either a great brackish or fresh-water lake or 
a land-locked sea, into which sediments were carried by 
rivers that have long since disappeared. The tract of 
land that supplied the sediments has also disappeared. 
Plants, many quite new, were abundant, and reptiles 
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and fresh-water shells are known to have existed. 
Fossil shells allied to the fresh-water mussel are found 
from the Narrabeen up to the latest beds above the 
Hawkesbury Sandstone. There were doubtless other 
forms of animal life, of the existence of which we have 
no direct proof. 

There were few active volcanoes immediately 
around, and these were probably restricted to the 
earlier part of the Trias. Much of the scoriae, ashes 
and lavas of the preceding period were worn away by 
such agencies as rain, running water, wind, and the 
alternating effects of heat and cold. The sediments 
thus produced were swept into the Triassic lake. The 
land was undergoing a slow but steady subsidence. 
Changes were being wrought apace over the country 
that was being denuded. Through alterations of level 
in the land, a granitic area to the south-west was 
brought within the watershed of our great lake. The 
swollen rivers brought down ever-increasing loads of 
granitic sand. Gradually the lake became shallow 
through the accumulation of these sands, and islands 
appeared here and there, covered with a thick vegeta- 
tion. Great tracts of shallow water grew into a 
swamp, rich in plant life. Turbid waters filtering 
through reed-beds supplied the finely-comminuted 
material that made our shales. Some beds of shale 
were formed in depressions in the sandstones, with 
dry land all around. The dry land referred to, con- 
sisted for the most part of unconsolidated sand, and 
much of this was tossed about and redistributed by 
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the wind over limited areas. Altogether the great 
Triassic lake at one time might be compared to a vast 
morass or swamp. Again it showed deeper water, 
with swift currents and turbid rivers rushing down 
as torrents laden with sand, to build up the sandstones. 
Once again we see the morass condition repeated, 
while the Wianamatta Shales were forming. 

Rocks of the same age in Europe yield brine 
springs, and are the great source of the supply of 
common salt. The European Trias was also deposited 
in and around an inland lake or shallow sea, whose 
waters were charged with salt and gypsum. The con- 
ditions were not unlike those around the Dead Sea of 
the present time. The middle division — the Muschel- 
kalk, a shelly marine limestone — shows that there was 
a great ingress of sea-water, or perhaps the lake may 
have become an open sea. Anyhow, the fossils tell us 
that there was an abundance of marine life. No 
such episode characterised the Trias in England or 
Australia. 

As to when the Hawkesbury- Wianamatta rocks 
were deposited, there is not much to learn. The series 
is newer than the Coal Measures, and older than the 
Cretaceous rocks of the north-west of New South 
Wales. No better illustration can be given of the 
vast antiquity of these geologically-speaking modern 
rocks, than a reference to the stupendous changes- 
that have taken place since their deposition. 

Towards the close of the Mesozoic period, and 
during the Tertiary period, physical, climatic and 
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organic changes of a remarkable character took place, 
both in the northern and southern hemispheres, Dr, 
Geikie states that some of the most colossal disturb- 
ances of the terrestrial crust of which any record 
remains took place within the Tertiary period ; and 
adds : " Not only was the floor of the Cretaceous sea 
upraised into lowlands, with lagoons, estuaries, and 
lakes, but throughout the heart of the Old World, 
from the Pyrenees to Japan, the bed of the early 
Tertiary or nummulitic sea was upheaved into a suc- 
cession of giant mountains, some portions of that sea- 
floor now standing at a height of at least 16,500 ft. 
above the sea." 

In other words, the Alpine peaks of Switzerland 
and a vast tract of England, Ireland and Central 
Europe were yet beneath the sea when our Triassic 
rocks were formed. Much, too, of the elevated 
portions of the earth's surface, from the Pyrenees, 
across Europe and Asia, to Japan, was slowly formed 
under marine conditions, and lifted to its present 
altitude since the deposition of the Triassic Sand- 
stones around Sydney. 

Viewed in this light, every vestige of the life that 
flourished so long ago becomes doubly precious, and 
the geologist may be pardoned when he treasures in 
cabinets and museums the records of such antiquity. 
Hugh Miller gives expression to this idea in his own 
picturesque way when, writing on the subject, he 
states : — ^^ The historian or the antiquary may have 
traversed the fields of ancient or of modern battles. 
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and may have pursued the line of march of triumphant 
conquerors, whose armies trampled down the most 
mighty kingdoms of the world. The winds and 
storms have utterly obliterated the ephemeral impres- 
sions in their course. Not a track remains of a single 
foot or a single hoof of all the countless millions of 
men and beasts whose progress spread desolation over 
the earth. But the reptiles that crawled upon the 
half-finished surface of our infant planet have left 
memorials of their passage, enduring and indelible. 
Centuries and thousands of years have rolled away, 
between the time in which these footsteps were im- 
pressed upon the sands of their native Scotland, and 
the hour when they were again laid bare and exposed 
to our curious and admiring eyes. Yet we behold 
them stamped upon the rock, distinct as the track of 
the passing animal upon the recent snow; as if to 
show that thousands of years are but as nothing 
amidst eternity, and, as it were, in mockery of the 
fleeting perishable course of the mightiest potentates 
among mankind.'^ 
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CHAPTER VIII. 
THE PERMO-CARBONIFEROTJS. 

PERMO-CARBONIFEROUS — ORIGIN OF THE TERM— FORMA- 
TION OF COAL — BUILDiya UP OF THE COAL MEASURES 
— FRESH-WATER AND MARINE CONDITIONS — VOLCANOES 
OP THE PERIOD — SUMMARY. 

The series of stratified rocks that underlies the 
Hawkesbury-Wianamatta, and contains the coal 
measures, is known as the Permo-Carbonif erous. This 
term was originally proposed by Mr. Robert Etheridge, 
jun., for a formation "distinguished by a copious 
marine fauna partaking of a Carboniferous and Per- 
mian nature, and a flora from which lycopodaceous 
plants are almost entirely absent." Anyone familiar 
with the Carboniferous rocks of Europe will remember 
that the most characteristic fossil plant is Lepido- 
dendron. This is absent in the coal measures 
of Eastern Australia; and in its place we 
find plants, and one fern in particular, with quite 
a Mesozoic aspect. The fern referred to is 
Glossopteris (Fig. 38). This beautiful plant abounds 
in the coal measures that underlie Sydney, and 
can be found plentifully at Newcastle or Lithgow. 
It will, of course, be remembered that the same 
coal measures that are depressed three thousand 
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feet below sea-level under Sydney come to the surface 
at Bulli, Newcastle, and Lithgow (Fig. 48 will make 
this clear). Their outcrop makes a great semi-circle, 
with Sydney for a centre. 

From the standpoint of the general reader, the 
most impressive fact connected with our coal measures 



Fig. 50. — Protoretopora ampla^ Lonsdale. A Fossil Polyzoan from 

Permo-Carboniferous Rocks at Raymond Terrace, and Harper's 

Hill. 1, Cast of cellular surface, nat. size, la, Magnified 

representation of a cast of the cellular surface. 

is their occurrence at so great a depth below the surface. 
Obviously, every coal-seam must have at one time been 
a mass of living vegetation on the surface. Coal is 
essentially nothing more or less than somewhat 
decomposed and very much crushed and compressed 

Strselecki'd New South Wales and Yan Diemen's IadU. Plate ix., as Feneatella- 

I 
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vegetation. That C5oal once lived in the form of luxur- 
iant plant life is one of the best established conclu- 
sions of science. The chemist can help us here. He 
tells us that the composition of coal is very similar to 
that of trees and planta When coal is burnt, an ash 
is left, not diflTerent from the ash left on burning 
planta Good coal contains about 80 to 90 per cent, 
of carbon, while wood contains about 50 per cent, of 
the same element. Woody matter consists of half its 
own weight of carbon — ^the other half of its weight 
being the gases hydrogen, oxygen, and nitrogen. 
Carbon is, of course, the more stable of these elements, 
and the gases are easily driven off. If wood is heated 
in an open vessel, it bums — that is, its carbon unites 
with the oxygen of. the air, giving out, at the same 
time, light and heat, and nothing remains but mineral 
matter, in the shape of ash. But when wood is heated 
in a closed vessel, out of contact with the air, the 
unstable gases are driven off, and the wood becomes 
charcoal or carbon. In a similar way, vegetable 
matter, when in contact with air, disappears by 
decomposing — ^a process not essentially different from 
burning, decomposition being merely slow combustion. 
When, however, a vast accumulation of vegetable 
matter is shut out from the air, and therefore from 
free oxygen, pressure or chemical action tends to drive 
off the oxygen and hydrogen constituents, and we 
have a substance approaching the condition of carbon 

and coaL 

Wood. Peat. lignite. CoaL Anthracite. 
C&rbon, percent.... 50 60 66 81 91 
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The possible derivation of coal from vegetation is 
thus evident. That it was so formed is equally certain. 
We see from the coal itself that it is built up in thin 
layers, and that these layers are rich in impressions of 
fossil plants. In the coal itself, or in beds associated 




Fig. 51. Spirifer Tasmaniensis^^ Morris. A Permo-Carboniferous 
spirifer from Raymond Terrace and Nowra. 

1, Dorsal aspect. 2, Ventral aspect. 

with it, trunks of trees have been found still standing 
upright, as they grew. 

We can see plants growing and forming peat, 
and trace peat into lignite. Another step and 
we have coaL Whole tree trunks have been found 

1 De Koniack : AUm of New Soutb Wales, Palseocoic FoBsiU, Plate \z. 
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flattened and converted into true coal — ^and indeed 
every grade between tree-stems and coal has been 
met with. Lastly, under every extensive bed of 
coal an " under-clay" is found, which is really the old 
soil on which the vegetation grew. 

A student will not spend many hours about a coal- 
mine before he finds some plants, although coal-mines 
diflFer much in the relative abundance of the plants 
preserved as fossils. In a bed of clay-stone at the base 
of Nobby's, Newcastle, Giossop^eris can be seen on every 
slab. The rocks above and below the kerosene shale 
are usually rich in fossil plants. A coal-mine near 
Castlecomer, Ireland, had some unique examples that 
would gladden the heart of the most stoical geologist. 
On a hard band forming a floor a number of reptiles 
were displayed in great perfection. The roof imme- 
diately above was a tangled mass of Lepidodend/ron, 
ferns, leaves, and stems. The museums of the world 
could be stocked from this one gallery of an obscure 
coal-mine, and the work of plunder could be continued 
for years to come. The present writer's recollections 
of that mine is a lasting reminder that the pictures 
painted by the cunning hand of Hugh Miller are not 
overdrawn. We do not expect to find such rare 
examples in every mine, but that they do occur is 
certain. Buckland's description of a coal-mine is 
worth quoting : — 

" The most elaborate imitations of living foliage 
upon the painted ceilings of Italian palaces bear no 
comparison with the beauteous profusion with which 
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the galleries of these instructive coal-mines are over- 
hung. The roof is covered as with a canopy of 
gorgeous tapestry, enriched with festoons of most 
graceful foliage flung in wild, irregular profusion over 
every portion of its surface. The effect is heightened 
by the contrast of the coal-black colour of these 
vegetables with the light ground-work of the rock to 
which they are attached. The spectator feels himself 
transported, as if by enchantment, into the forests of 
another world; he beholds trees, of fonna and 



Fig. 52. Flalyschisma oculal Morris. A Permo-Carboniferous 
univalve. Harper's HiU, Newcastle (N.S.W.) 

characters now unknown upon the surface of the 
earth, presented to his senses almost in the beauty 
and vigouf of their primeval life." 

If we grant that coal represents the growth 
through long periods of a luxuriant vegetation — trunks, 
branches, leaves and seeds or spores — we have to 
consider under what conditions these great thick 
masses of organic materials accumulated. 

Did the vegetation which forms coal grow just 

iStrzelecki's Phys. Descript. New South Wales, Piute xviiL 
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where we find it ? Geologists assure us that for the 

most part the coal plants flourished on old land 

surfaces now represented by the under-clays. The 

growing plants, acted on by the sun's energy, separated 

carbon from the atmosphere, just as living plants do. 

There is, therefore, much truth in the old measure — 

" Tis the sun's old heat that cooks our meat, 
Tis his bottled-up beam that gives our steam." 

When we ask if the plants that formed coal grew just 
where the coal is formed, we are opening up a question 
that was at one time much debated. The "drift 
theory" supposed that the vegetable matter which 
forms coal grew in forests, and was drifted into lakes, 
or even into the sea, and in time settled to the bottom 
Facts are, however, against this theory. Under every 
bed of coal we find an " under-clay." These " under- 
clays" represent the old soil on which the vegetation 
flourished. Trees have been found standing erect in 
coal-seams, with the roots striking into the " under- 
clays." The absence of sand and mud shows that the 
vegetable matter was not drifted. Besides, it is not quite 
intelligible how pure seams of coal of great extent 
could liave been formed by drifted materials. The 
transition from a peat-bed to a coal-seam is a change 
in keeping with observed facts. It has been noted, 
too, that the " under-clays" are deficient in alkalies, 
these having evidently been extracted by the 
growing plants. The ashes left, on burning the coal, 
give up these alkalies once again. When the vege- 
tation that made our coal was growing, the coast-line 
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was far away to the east. A region of unbroken 
monotony stretched from the granite mountains about 
Moruya to the sandstone hills of Mount Lambie, and 
north from there to Stroud — a wild waste of marsh 
land, where countless generations of plants and trees 
lived and died, each contributing something to the 
growing organic debris that provides the material for 
the making of coal. 

Even at the present time we may find somewhat 
similar peat-mosses. A morass as long as England 
extends along the course of the Prepit, an affluent of 
the Dnieper. A swamp extends from Norfolk in 
Virginia into North Carolina. The whole tract, forty 
miles in lengthy and twenty-five broad, is covered with 
water-plants, reeds, and trees. The soil is a mass of 
grasses, roots, stems, and leaves. Mosses and ferns 
flourish. The place is appropriately named the Great 
Dismal Swamp. But all the conditions are there for 
the beginnings of a bed of coal. If by a gentle sub- 
sidence of that part of the earth's crust the Dismal 
Swamp was lowered, and sediments brought down by 
rivers from the high lands around, the layer of vege- 
table matter would be buried below some thousands of 
feet of newer rocks, and would in time be converted 
into coal. This is just what happened here in Permo- 
Carboniferous times. The land was slowly subsiding, 
and the great Australian morass, with its rich carbona- 
ceous deposits and its waving surface of richest 
green, was depressed beneath the waters of a great 
inland lake. Sediments were swept down by broad 
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and noble rivers, fed in their turn by mountain tor- 
rents, and gradually stratified beds grew layer by layer 
above the coaL 

The amount of vegetable matter in a single coal- 
seam six inches thick is greater than the most 
luxuriant vegetation of the present day would furnish 
in 1,200 years. Boussingault calculates that luxuriant 
vegetation at the present day takes from the atmo- 
sphere about half a ton of carbon per acre annually, or 
fifty tons per acre in a century. Fifty tons of stone- 
coal spread evenly over an acre of surface would make 
a layer of less than one-third of an inch. But suppose 
it to be half an inch, then the time required for the 
accumulation of a seam of coal three feet thick — the 
thinnest which can be worked to advantage — would be 
7,200 years. If the aggregate thickness of all the 
seams of coal in any basin amounts to sixty feet, the 
time required for its accumulation would be 144,000 
years.^ 

A long time truly for our coal to form, and a 
vastly longer period until its energies came to be 
utilized by man. The late Professor Huxley wrote on 
this aspect of the question : — 

" Nature is never in a hurry, and seems to have 
had always before her eyes the adage, ' Keep a thing 
long enough, and you will find a use for it.' She has 
kept her beds of coal many millions of years without 
being able to find much use for them ; she has sent 
them down beneath the sea, and the sea-beasts could 

1 Winoliell'8 Geological Skstches. 
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make nothing of them ; she has raised them up into 
dry land, and laid the black veins bare, and still, for 
ages and ages, there was no living thing on the face 
of the earth that could see any sort of value in them ; 
and it was only the other day, so to speak, that she 
turned a new creature out of her workshop, who by 
degrees acquired sufficient wits to make a fire, and then 
to discover that the black rock would bum." 



Fig. 53. — LepidodendronA Portion of a fossil plant found in 
Devonian and Carboniferous Rocks. 



The sea played its part, too, in the building up of 
the Permo-Carboniferous system. If the stratified 
rocks associated with the coal were deposited for the 
most part in fresh water, that was not invariably the 
case. Now and again the sea made inroads on the low 
country, and brought a rich fauna of sea shells, that 
remain to prove to us the reality of the change from 
fresh water to marine conditions. Turning to Fig. 44, 

1 Quart. Joar. Geol. Soo.» Vol. xxtiii., Plate xxvi. 
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we see that there are two ma/rine formations in the 
Permo-Carboniferous — the Upper and the Lower 
Marine. The fossils shown on pages 195, 197 and 203, 
are illustrations of some of these marine forms. They 
prove conclusively that sediments two thousand feet 
in thickness were deposited on a subsiding sea-floor. 
Subsidence still continued, but the succeeding beds of 
the Greta coal measures were laid down in fresh water. 
Once again the sea covered these last, and in this sea 
the Upper Marine series slowly grew. Fossil collectors 
can, with very little trouble, procure abundance of the 
marine fossils that characterise the Upper Marine. The 
best collecting grounds are enumerated in Chapter 
XIII. The most notable specimens will be Spirifers, 
and the beautiful lace-like films of Proioretopora that 
sometimes encrust them. 

The Spirifers are often represented by moulds of 
the interior of the shell, formed by sand or clay which 
filled them, while the substance of the shell itself has 
disappeared. There are no Spirifers living now. 
In some periods of the Palaeozoic age the sea-floor 
must have been actually paved with them. They are 
called Spirifers, or spire-bearers, because a part of 
their processes, somewhat resembling watch-springs, 
was coiled up within the shell. These were used to 
support the thread-like organs covered with cilia. 

To form anything like an adequate idea of the life 
that flourished in the Permo-Carboniferous seas, we 
have only to glance at the fragments preserved in our 
museums. Corals, crinoids and star-fishes were abun- 
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dant. Shells strewed the old beaches in apparently end- 
less profusion. Nautilus and Orthoceras floated theii 
multi-chambered shells on the surface of the sea, and 
crustaceans and trilobites shoaled amongst the rocks. 
Fishes existed also, although up to the present very 
few of their remains have been found in Australia. 



Pig. 54. — Amadopeclen limo'formis,^ Morris. An Upper Palaeozoic 

Fossil found at Norfolk Plains (Tas.), Gympie (Q.), and 

WoUongong (N.S. Wales). 

It must not be forgotten, though, that the many 
thousand feet of stratified rocks deposited to form the 
Permo-Carboniferous had to be carried by running 
water from elsewhere. If we look around, we can see 
the quarries where the material used to build our city 
was* excavated. Every cubic yard of masonry means 
a cubic yard less at the quarry. There were hills all 

1 Strzelecki's New South Wales and Vam Diemeu's Land, Plate xiii., J«'ig. 1. 
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around the great Permo-Carboniferous depression, — at 
one time a morass clothed in verdure and again a sea 
swarming with marine life. It was from these hills 
that the swollen rivers brought down the sediments. 

" There was once a splendid city in Egypt, known 
as Memphis.' A learned Arab of the Middle Ages has 
told us of its glories. Now all is gone save pyramids 
and sphinx. But it lives again in another place ; its 
stones once more shelter human beings ; for out of its 
ruins the modern city of Cairo has been built. This 
use of old building material is one of Nature's devices 
too. Like the Memphis stones living again with the 
Arabs, our Palaeozoic rocks lived again with new forms 
of life. This is the old story oft repeated in earth- 
history. Silurian grits and slates are probably 
Archaean granites, etc., built up in new ways. From 
these again some of the Carboniferous and Devonian 
rocks were derived ; and again, the rocks we are about 
to consider must have been in part derived from Carboni- 
ferous and Old Red Sandstone rocks exposed to atmo- 
spheric decay. Thus we read the same cycle of change 
over and over again. The lofty Alpine peak which 
seems so immovable and indestructible must as surely 
be borne down to the sea where it was formed as 
the rain-clouds of heaven must find their way back 
to earth and sea from whence they came."* 

" The hills are shadows, and they flow 

From form to form, and nothing stands ; 
They melt like mists, the solid lands, 

Lake clouds they shape themselves and go." 

1 HutohixuKxn. **The Autobiography of the £arth." 
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But there was a factor in the building up of Permo- 
Carboniferous rocks that we have not yet counted 
upon — volcanoes. Volcanic action contributed a great 
deal to the sum total of the series we are dealing with. 
Early in the period, as pointed out by Professor David, 
there is evidence of active volcanoes. At Seven Hills, 
near Raymond Terrace, volcanic tuffs are interstrati- 
fied with coal-seams. This shows that while coal 
plants were growing in the lagoons showers of vol- 
canic ash settled down and formed thick beds. Lavas 
flowed down and filled up the depression more than 
once. Altogether, beds of tuff and lavas fully 1000 
feet in thickness were formed in this way. 

Later — ^how long we cannot measurp in years — ^vol- 
canic fires showed themselves at and around Kiama. 
Towards the close of the Permo-Carboniferous, ande- 
sitic lavas were poured out, and vast amounts of 
volcanic tuffs were deposited. As already stated, these 
tuffs supplied the building stones, in later times, for the 
chocolate and purple shales. Three distinct sheets of 
lava, and a bed of red tuff, still remain to testify to the 
mighty energies of this old centre of volcanic fires. 
" The volcano which poured out the lavas and tuffs 
near Kiama," remarks Professor David, " was probably 
in its first stages sub-marine, and made its appearance 
in the shallow Permo-Carboniferous ocean, about thirty 
miles from the shore line, to the south-west. 

Summary of Permo-Carboniferous. 

Shortly, then, we can say that the earliest condi- 
tions of the Permo-Carboniferous were marine. Near 
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the old shore-line, to the north, an extensive volcano 
poured out sheets of lava, and darkened the air with 
volcanic ash. The main coast-line was far out to the 
east. Gradually marine forms of life disappeared, and 
fresh or brackish water took the place of the sea. 
The land continued to subside. Many thousands of 
feet of coal measures were formed in a vast morass, 
covered with vegetation, it is true, but monotonous as 
the Great Dismal Swamp of Carolina. The sea once 
more made inroads. The land was, however, still 
subsiding, and the vast beds of vegetation were buried 
beneath marine clays and sands. 

The Upper Marine Series tells us of a sea with 
fish, swarming with crinoids, crustaceans, and shells. 
Off the land below Kiama, strange disturbances are in 
progress. The waters are now and again lifted into 
billows, and tidal waves sweep the shores. The noise 
of escaping gases and steam begins to be heard. The 
wild confusion of the hitherto placid sea tells of 
heated lavas and the waters of the deep contending 
for the mastery. At last, the internal fires assert their 
supremacy, and -soon volcanic cones stand above the 
waves. Clouds of vapour hang low in the air. Elec- 
trical discharges produce thunders hardly louder than 
the roar from the craters below. Lavas are poured out 
in fiery streams, and tuffs and ash deposits accumulate. 
But the day comes when the fires are cooled, and now 
the ejected volcanic material forms a new and fertile 
soil for a fresh growth of vegetation, which goes to form 
the coal of the coal measures resting on the Kiama 
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Fig 55. — The Three Sisters, Katoomba, showing the eflfect of 
subaerial waste. 
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lavas. Thus the sea has again receded and given place 
to fresh water. No marine fossils have ever been 
found in the great thickness of sediments known as 
the Upper Coal Measures. 

North, as far as where Newcastle stands, west to 
Mt. Lambie and Rylstone, and south to Nowra, there 
stretches one unbroken and marsh-like plain. Phyl- 
lothecaj Olosaopteria and other ferns, cover the surface 
in the wildest luxuriance. Our last look into those 
far-off times shows us the great Permo-Carbonif erous 
morass still subsiding. A richer growth, if anything, 
clothes its wide expanse. Sluggish and swollen riYcrs 
wind their way through the monotonous level, and 
disappear in the tangled undergrowths, there depositing 
their loads of sediment to form yet one more layer on 
the thousands already laid down. Such were the 
physical features of the country around Sydney at the 
close of the Permo-Carbonif erous period. 

" One of the charms of the study of geology is 
that, while it deals with the plainest matters of fact, 
it continually calls up to the imagination pictures of 
past events, of which the general truth is certain, 
while all the details are left to fancy. That the lime- 
stones of the Carboniferous period were formed beneath 
the waves of a widespread sea is as certain a fact as 
that they now form the lofty cliffs, at the foot of which 
the geologist pauses to examine them. The fossils 
they contain are the remiains of animals that once lived 
and sported in those waves. The shales and sand- 
stones' were derived from the waste of the lands on 
J 
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which the ferns and other plants grew ; and those 
plants themselves, now compacted into the rock 
we call coal, were green with life and toying with 
the winds. The simple truth is like a fairy tale, the 
transformation like that in a pantomime ; yet, it is a 
literal fact, while the time that has elapsed during its 
working out leaves far behind the wildest dreams of 
the romancer or the poet."* 

Coal Under Sydney. 
Recent events point to coal and coal supply as 
the real arbiter of the fate of nations. It is not with- 
out interest to us, therefore, that the diamond drill 
bores put down on the north shore of the harbour 
proved the extension of the Newcastle coal seams 
under this city at a depth of about three thousand 
feet. The completion of these bores by the Govern- 
ment was, from a scientific standpoint, of great value. 
Economically considered, the results are not so satis- 
factory. Even if this coal should not, as is most pro- 
bable, be available in our day, yet its existence adds 
immensely to our resources,and remains a great national 
asset for future generations. The generally accepted 
view of geologists was, for years past, that coal did 
exist below Sydney. The bores referred to, put down 
under the direction of Mr. Pittman, Government Geolo- 
gist, and Mr. Slee, the Chief Inspector of Mines, took 
the matter from the region of opinion. A vast coal- 
bearing series under Sydney is now a proven fact. 



1 Jukes. '* A School Manual of Greology.*' 
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CHAPTER IX. 
DEVONIAN. 

ORIGIN OP THE NAME — MOUNT LAMBIE — OCCUBBENCB 
OP DEVONIAN — LIFE OP THE PERIOD. 

Early in the history of geology it was noticed that 
below the coal-bearing strata of England reddish 
sandstones occurred. Above the coal measures another 
red sandstone was known. The lower and older rock 
received the name Old Red Sandstone, while to the 
rock above, and newer than the coal beds, the name 
New Red Sandstone was given. The Old Red 
Sandstone, therefore, lies between the Silurian and 
Carboniferous. In Devonshire a series of limestones 
and shales are extensively developed between Silurian 
and Carboniferous formations. These from their 
position were, it was evident, of the same age as the 
Old Red Sandstones, and were henceforth known as 
Devonian. 

On the Blue Mountains, rocks newer than Silurian 
and older than Carboniferous have been recognised at 
Mount Lambie. Some of these beds can be seen to 
advantage in a cutting on the railway just beyond 
Rydal, and can be studied from this point to the 
summit of Mount Lambie. 
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West of Mount Victoria, Devonian rocks occur on 
either side of the Cox River, about two miles south of 
Hartley. They are intruded by diorites, and are 
bounded on the north and south by granites, and 
to the east by the Upper Marine beds of the Permo- 
' Carboniferous. 

Devonian Sandstones occur also near Cowra, on 
the slopes of the Canoblas near Orange, over a large 
tract of country from Wittagoona to Wilcannia, and 



Fig. 66. — Spiri/era diajuncta.^ A Devonian fossil found at Mount 
Lambie. The figures show various forms of this Spirifer. 

west of the Darling. It is highly probable that some 
of these separated areas were once continuous, and 
that we have now but a few scattered remnants of a 
once wide-spread formation. 

Land plants and marine shells occur in our 
Devonian rocks. Lepidodendron (Fig. 53) has been 
found associated with the brachiopods Spirifer dia- 
juncta and Rhynchonella plewrodon (see figures 56 
and 57). These last-named fossils are very plentiful 



1. Lapperent; Traits de O^ologie, p. 707, fig. 227; h, o, d. e, Pkillipt* Fossila 
•f Cornwall, plate xxiz. 
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in some of the sandstones and quartzites, particularly 
in Femtree Gully, under Mount Lambie,and in some 




Fig. 57. — Rhynchondla pleurodnn} Phillips, A Devonian fossil 
from Mount Lambie. 

creeks near RydaL They can also be noted in water- 
worn boulders in the Winburndale Creek and other 
creeks of that neighbourhood. 

Our knowledge of the life that flourished during 
the deposition of Devonian rocks in Australia is not 



Fio. 68. — Atrypa retictdaris. A brachiopod common in Australian 
Silurian and Devonian rocks, a, dorsal valve ; b, ventral valve. 

extensive. It is known that corals and marine shells 
were plentiful The fact that LepidodeTid/ron is found 
closely associated with Spirifer diyuncta and Rhyn- 
choneUa pleurodon shows that these spirifers lived 
on a coastal area, and near the dry land on which the 

1 Phillips' GeolofCY of Yorkshire. Part ii, plate zli; b,o.d. De Roninok: 
Atlas of New Soath Wales, PalsBOSOio Fossils, plate ix. 
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giant lycopod Lepidodendron flourished. The last- 
named plant is one of the oldest representatives of the 
vegetable kingdom known in 
Australia. There was dry land, 
no doubt, in Silurian times, but 
no trace has yet been discovered 
of the vegetation with which it 
was clothed. The oldest land sur- 
faces of which we have evidence 
in Australia, appeared as dry land 
in Devonian times. 

The great thickness of the 
Devonian sediments is remark- 
able. At Mount Lambie, near 
Rydal, on the western line, Mr. 
Wilkinson measured a section 
not less than 10,000 feet in 
thickness. It is evident, there- 
fore, that the area over which 
such an accumulation of sedi- 
ments was deposited must have 
been subsiding for a very long 

Fig. 59. — Murchisonia *^ 
turris,^ de Koninck. A Our present knowledge 

lower Palaeozoic fossil n • i-/» it i i 

shell from near Yass hardly justiiies any attempt to 
(N.S.W.) picture the physical geography 

of Devonian times. As no traces of Devonian beds 
are found on the eastern slopes of the Blue Mountains, 
we may assume that the old Devonian sea stretched 



1 De Kuninck : Atlas of New South Wales Falseozoic Fossils. Plate iv. 
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from Rydal to beyond the Canoblas, while another 
expanse of the same waters spread from Cobar, across 
by Wilcannia, to and beyond the White Cliffs opal 
field. The sandstones about Eden and Twofold Bay 
are of a similar age, and, as shown by Mr. Carne, of 
the Geological Survey, were laid down under marine 
conditions, RhymchoneUa plenrodon (Fig. 57) being 
found at Bellbird Creek, three miles north of Eden.^ 

Devonian rocks of fresh-water origin have also 
been described by Mr. Came. They occupy a consider- 
able area in the Nungatta and Yambulla Ranges, 
towards the head of the Genoa River, and contain the 
interesting ferns Archceopteris Howitti and Sphenop- 
teris Carnei, as well as the gymnosperm Cordaitea 
Australis. The Devonian rocks on the Blue Moun- 
tains are, however, for the most part marine, but not 
of deep-sea origin. In fact, the abundance of con- 
glomerates and rounded pebbles points unmistakably 
to shore deposits. The Devonian beds have been 
invaded, tilted, and altered by intrusions of granite 
and felsites, some of these last representing what are 
probably the oldest volcanic flows of New South 
Wales. The Devonian sediments, hardened and altered 
to quartzites, have, since their deposition, participated 
in many great earth movements. They are now often 
several thousand feet above sea-level, and tilted for 
the most part from their original horizontal position. 
They have not, however, been folded and compressed 
as intensely as the underlying Silurian Slates. 

1 J. B. Came, Ann. Rep. Dept. Mines, N.S.W., 1897, p. 163. 
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CHAPTER X. 
SILURIAN. 

SILURIAN SLATES TILTED FROM ORIGINAL POSITION — 
IN CONTRAST WITH PBRM0-CARB0NIPER0U8 — TRUE 
SLATES AND FLAGSTONES — ORIGIN OF THE SILURIAN — 
LIMESTONE — SOME LIMESTONES OLD CORAL REEFS — 
CAVES CAVE-SHELTERS — LIMESTONE CAVES — STALAC- 
TITES — STALAGMITES — THE JENOLAN CAVES. 

One of the first characters of the Silurian rocks that 
will be noted is the fact that their stratification layers 
are, 'as a rule, highly inclined, making the strata 
appear to stand on end. This character is fairly per- 
sistent over the Silurian areas of the colony ; so much 
SO, that we come to look for vertical strata as particu- 
larly distinctive of Silurian Slates. It may be remarked, 
however, that in other countries — notably in parts of 
North America and Russia — Silurian rocks are very 
little disturbed, and often rest in their original hori- 
zontal position. The nearest locality to Sydney where 
rocks of Silurian age may be studied is the country 
around the Jenolan Caves. In the cuttings on the 
road down Cave HiU, on the way to the caves from 
Mount Victoria, slates can be seen highly inclined 
as shown in Fig. 62. This contrasts strongly with the 
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horizontal bedding of the Hawkesbury Sandstone and 
the Permo-Carboniferous, as seen in Figs. 71 and 
23. The angle of inclination which a tilted bed of rock 
makes with the horizon, is called the angle of dip. On 
page 242 limestone is shown dipping to the west. The 
illustration herewith pictures some books standing 
on edge, just as Silurian rocks are often seen to stand. 
In this instance the rocks or books dip in the opposite 
direction, and the edges showing on the surface are 
called "outcrops." The Silurian rocks now standing 
on edge were once spread out horizontally, layer above 



Fig. 60 — Illustration showing the meaning of dip, strike and outcrop. 

layer. Earth movements on a vast scale folded 
and compressed them. Denudation,- at some sub- 
sequent period, removed the upper arches of the 
folds, and left highly inclined strata so familiar 
to us. In a small way this has been illustrated 
experimentally by Sir James Hall. Fig. 61 is a 
reproduction of his drawing. A number of coloured 
cloths are laid one above the other, to represent 
different stratified rocks ; a weight is placed above 
them, and then the whole series is compressed later- 
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ally. The layers are thrown into folds, and, as the 
pressure increases, the folds become more acute. 
There is ample proof that the Silurian rocks were 
compressed and folded in a somewhat similar manner. 
The upper folds were planed off by denuding agencies, 
leaving the series of inclined rocks shown in the 
illustration. 

The highly inclined and fine-grained Silurian 
rocks are usually referred to as Silurian "Slates." In 
one sense the term is not correct, as no true slates are 
found in this colony. All our Silurian sedimentary 





Fig. 61. — ^Illustration showing how horizontal layers of rock are, by 
lateral compression, bent in folds. 



rocks split along the bedding planes. True slates, 
such as the Bangor roofing slate, cleave into thin 
slabs, but in a direction independent of the bedding 
planes. Slaty cleavage is induced in rocks by intense 
pressure. In Fig. 64 we have a series of rocks gently 
folded at one end of the section and highly inclined at 
the other end. A slaty cleavage, denoted by fine lines, 
is developed in the whole series. But it will be noted 
that, whereas the cleavage and the bedding lines 
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almost coincide towards the right hand of the section, 
at the other end the cleavage lines are at right angles 
to the bedding planes. It will thus be seen how the 
cleavage characteristic of true slate is often quite 
independent of the planes of stratification or bedding ; 
but cleavage planes may also coincide with the bedding 
plane. On the Blue Mountains no true cleaved slates 
are known, the slaty character of the Silurian rocks 
being due to the original planes of stratification. 
When the bedding-planes are close, and the bedding 
well marked, they are known as flagstones. 

Oeigin of the Silueian Slates. 

The evidence at present available points to the 
fact of these rocks having been laid down in the waters 
of a sea. All the forms of Silurian life known as 
fossils are Marine. We have shells, corals, trilobites, 
and crinoids, in fine-grained sediments, telling of an 
open sea far away from shore deposits. The Silurian 
is notable for its beds of limestone, made up almost 
entirely of the remains of corals, crinoids, and shells. 

Limestone. 

Limestone is a general term for all rocks the basis 
of which is carbonate of lime or calcium carbonate. 
As this chapter may be read by the beginner, or by 
visitors to our Caves who may have no special 
knowledge of geology, it is desirable to explain 
clearly some every-day terms. 
Calcium is a metal and one of the elements. 
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Calcium carbonate, a compound forming the greater 
bulk of all limestonea White crys- 
talline limestone is almost pure 
calcium carbonate, more com- 
monly called carbonate of lime. 
Calcium oxide is . . . " quick-lime," and is made by 

burning limestone. 
Calcium hydrate is '* slaked lime," and is made by 
pouring water on "quick-lime." 
Shells and Coral ... consist almost entirely of car- 
bonate of lime. 
When " lime" is spoken of in every -day language, 
Calcium oxide of the chemist is referred to. 

Limestone is one of the few soluble rocks forming 
considerable rock masses. The simplest test for lime- 
stone is treatment with a few drops of hydrochloric 
acid, a brisk eflTervescence telling at once if a rock is 
limestone or markedly calcareous. Strictly speaking, 
the test only shows that a soluble carbonate is present. 
But as limestone is the only commonly occurring rock 
that is a carbonate, the test is satisfactory. This 
simple test is made use of even by skilled geologists, 
as limestone varies much in appearance — pure snow- 
white and every shade through grey and brown to 
dead black being known. Some limestones are also 
brightly coloured. In texture, also, there is a great 
diversity, many limestones being fine-grained and dull, 
others being coarsely crystalline. Marble is only a 
variety of limestone, and usually any limestone hard 
enough to take a polish is called marble. It may be 
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Fig, 62.— Highly inclined Silurian Slates, road cutting, Cave Hill, 
Jenolan Caves. 
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noted here that many dark -blue limestones, such as 
those that can be seen at the Jenolan Caves, polish to 
a rich velvet black. Looked at from their origin, 
these rocks are equally varied. Some limestones are 
chemically formed. Most limestones are, however, 
of organic origin — that is, the materials of which 
they are made up were separated from the sea- waters 
by the help of organised living animals. 

If we look closely at many samples of limestone, 
we cannot fail to find traces of shells, corals, crinoids, 
or other animals. Varieties of this rock are not un- 
common, consisting almost entirely of broken shells or 
the stems of crinoids, A coral reef is a mass of lime- 
stone now in course of formation. The coral polyps 
separate carbonate of lime from the sea, to form the 
stony frame-work we call coral. The waves break 
up large quantities into masses ; these are tossed 
together, and the interstices are filled up with finer 
particles. NuUipores and other plant-like organisms 
bind the whole together. The Great Barrier Reef is 
a mass of limestone more than one thousand miles 
long, formed in this way. The long lines of limestone 
we find interbedded in Silurian rocks are often 
nothing more than old coral reefs. The corals are 
certainly not the species that form reefs to-day, but, in 
origin, there is no essential difference. Our Austra- 
lian coral limestones give evidence of a shallow water 
origin. We have, however, a group of limestones that 
were undoubtedly formed under conditions that may 
be termed oceanic. The chalk of Europe is usually 
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taken as a type of oceanic deposit. In the same class 
must be placed the nummulitic limestone, which 
spreads through Europe, Asia, and Africa, and the 
fusulina limestone which extends from Russia to 




*•.' 



Fig. 63. — Silurian Slates, showing how the same beds are repeated in 
a section, by folding. The broken lines above show the 
country removed by denudation. 



Japan. It may be stated here that an oceanic lime- 
stone is not necessarily deposited in very deep water ; 
the only essential condition seems to be that the rock 
should accumulate in a region beyond the influence oi 




Fig. 64.— Figure showing slaty cleavage crossing, and also coin- 
ciding with the planes of bedding. 

the sediments which are brought down from the land. 
A shell-bed cemented into stone is another example of 
an organically formed rock. It will be seen, on turn- 
ing to page 72, that rocks of aqueous origin are divided 
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Fig. 65. — Silurian Corals. ^ 

1. PhUlipsastroia Gurraniy Eth. fiL Limekilns, Bathurst; part 
.of a polished slab. 2. Weathered Surface of same Coral. 3. 
Microscopic slice of same Coral. 4-. Heliophyllum Tctssenae. 
Eth. fil. A Silurian Coral, Yass, (N.S.W.) 5. and 6. 
Cyathophyllum MitchelU, Eth. fil. Silurio -Devonian rocks, Cave 
Flat (N.S.W.) 



1. Rec. Geol. Surrey, N. S. Wales, Vol. ii, p. 170. 17 i. 
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into three classes, accordingly as they are — (1) organi- 
cally, (2) chemically, or (3) mechanically formed. In 
a certain sense oar Silarian limestones belong to all 
three divisions. They are of organic origin inas- 
much as every particle at one time or other belonged 
to a living organism — shell, coral, or crinoid. Much 
of the carbonate of lime in compact limestones has 
been chemically precipitated there, and some of the 
original carbonate has been dissolved out. In this 
sense limestones are partly of chemical origin. In 
the building up of coral reefs, their origin is partly 
'mechanical, the action of the waves breaking coral 
from the outer edge of the reef, heaping up the 
fragments, and filling up the interstices with broken 
material. 

In looking for fossils in ancient limestones, it is 
well to note that the corals and shells are best 
seen on weathered or on polished surfaces. It will be 
observed, too, that many limestones seem devoid of 
fossils over considerable areas, particularly where the 
limestone has been altered to a crystalline structure. 
Carbonate of lime is such a soluble material that lime- 
stone rocks may become completely altered in course 
of ages, merely by percolating waters dissolving and 
re-precipitating it. 

A little observation will not fail to make one note 
that some limestones are for the most part made up of 
shells. In this instance the material making the stone 
once formed an outer covering or defensive shell foi 
living creatures that were inhabitants of the ocean. 
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But it must not be thought that because shells make 
up the rock, all limestones were therefore formed in the 
sea There are also fresh- water limestones, but the 
character of the shells always settles whether we are 
dealing with a fresh-water or a marine limestone. 

A second class — and this includes our cave lime- 
stones — shows, together with fossil shells, the calcare- 
ous framework of corals. Now, all corals are marine, 
and therefore these limestones are of marine origin. 
Enormous areas in tropical seas are now covered with 
growing coral, each polyp separating carbonate of lime 
from the ocean waters. Some belts of Silurian 
limestone, near Molong, must have resembled these 
modem coral-reefs, for they are made up almost 
entirely of masses of the beautiful chain coral known 
to science as Halyaitea AustraUs} 

A third class of limestones is composed almost 

exclusively of the remains of orinoids. Many vast 

beds of limestone are nothing more than masses of the 

broken stems of these strange and beautiful creatures, 

Encrinites are also known by the name of sea-lilies or 

crinoids, from the Greek word kriTum, meaning a 

lily. A few of these creatures survive to the present 

time, but they abounded in forest-like masses in 

Silurian days. They were known in mediaeval times 

as St. Cuthbert's beads, and are referred to in " Mar- 

mion" — 

'* On a rock by Lindisfame, 
St. Cuthbert sits, and toils to £rame 
The sea-born beads which bear his name." 

i Jfitberidge. *" iiecorda ol the AuBbralian Moseam." (See Pig. 70.) 
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Fig. 66. —Structure of a Crinoid. (After Bather.) 
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Many extinct crinoids had stems from fifty to 
seventy feet long, and Buckland calculated that some 
of them had 150,000 little bones and 300,000 contractile 
bundles of fibres to move them. The crinoids culmi- 
nated in Mesozoic times, and then practically died out 
without giving origin to anything higher. 

Turning now to Australian limestones, we can 
note the types referred to, but it often happens that 
crinoids, corals, and shells are all preserved on the one 
slab. But, as the crinoids, as well as the corals, are 
exclusively marine animals, the marine origin of the 
limestone is evident. 

Caves in General. 

Caves are found in almost all kinds of rock. 
They are more common in limestone and basaltic 
rocks than others. In the basalts, caves are formed 
either by violent igneous action, or the flowing away 
of molten masses, leaving an arch of consolidated or 
hardened material standing around. Caves are also 
formed in volcanic rocks, through the removal of 
softer portions of the mass by denudation or erosion. 
The well-known Blow-hole at Kiama is an example 
of this last — a dyke of softer material being carved 
into by the sea, while the main mjiss of basalt offers 
more resistance to the action of the waves. 

It may be well to explain here, that the " caves " 
in the sandstones on the Blue Mountains should be 
more properly termed rock-shelters. They consist, for 
the most part, of an overhanging ledge under which 
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the rock crumbled away to a considerable depth. 
Although the aboriginals made use of these rock- 
shelters, they could in no sense be called cave- 
dwellers. We cannot speak of the Australian 
aboriginal as we do of the ancient Briton in referring 
to cave-dwellers. Nothing has been found in our 
cave-shelters to throw much light on the primitive 
inhabitants of Australia. 

We are, however, concerned here with limestone 
caves ; and, in passing, it may be well to say that even 
in these man has left no geological history. The 
Australian blackfellow never lived in caves — his aim 
presumably, in the past, as it is most certainly in the 
present, being to get away from underground caves as 
far and as expeditiously as possible. The present 
writer can vouch for the fact, that a blackfellow 
develops an astonishing activity and quite unexpected 
resources in avoiding even the neighbourhood of 
underground caves. 

Limestone Caves. 

Caves and underground caverns open up to the 
lover of novelty a new world, and they are at the 
same time hardly less full of interest to the man 
of science. The natural beauty and ornamentation 
of limestone caves must have been a fertile source of 
wonder from the earliest times. There is enough of 
the weird and uncanny in their dim recesses to have 
powerfully impressed primitive man. Then, again, 
legend and story peopled these underground mansions 
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with elfin dwellers, and so added something of awe to 
the fascination that is ever linked with the mysterious 
and the unknown. 

From a geological standpoint the origin and 
formation of limestone caves becomes intelligible when 
we recall the fact that limestone is the most soluble 
of rocks, and is readily acted on by percolating 
waters. We note that the sea excavates caverns in sand- 
stones along our coast. This is the result of mechanical 
action. The force of the waves tears masses of 
loosened rock away, and hurls back the fragments, so 
as to grivd and jpouvd the cliiTs. The action of water 
on limestone is quite different. Surface waters dissolve 
limestones. The effect is chemical and corrosive, 
rather than mechanical and erosive. Rivers erode 
channels in slate rocks, and carry away the eroded 
materials in suspension. The mud and sand that 
discolour the waters of a swollen river are merely the 
ground-up rocks being swept along in suspension. 
Limestone, on the other hand, is dissolved, and the 
rivers of the world carry vast quantities of carbonate 
of lime in invisible loads to the sea. Of course, lime- 
stone rocks are eroded and torn away as well, but the 
hollowing out of caves is due mainly to the dissolving 
of the limestones. Rivers will carve out a valley or a 
gorge in the hardest rocks. The finest examples of 
river action are the famous caiaons of Colorado, with, 
in some places, almost vertical sides three and four 
thousand feet deep. The valleys on the Blue Moun- 
tains are in their own way not less remarkable, as the 
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result of erosion by running water. But in these 
cases the valley is carved out by mechanical erosion, 
the stones and sand cutting away the bed of the river, 
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or undermining the sides as they are hurried along 
In the case of the caves, the water chemically dissolves 
the rock, the removal of which forms the underground 
passages 
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It may be well to state here that pure water is 
not an active agent in dissolving limestones, but water 
charged with carbonic acid gas^ has a powerful effect 
on these rocks. Now, it will be asked, — Where does the 
water procure the supply of carbonic acid that renders 
it so potent a solvent for solid rocks ? The reply is : 
Mostly from the air. But, to make the matter clear, 
it should be stated that carbonic acid, or (what amounts 
to the same thing) carbon dioxide is produced — 

(1.) By the breathing of all animals; man exhales about 
one pound of carbon dioxide per day. The pro- 
duction of carbon dioxide in breathing is commonly 
proved in this way : Some quicklime is shaken up 
with water, and the clear solution poured off. 
This is known as lime-water. If the breath is 
now made to bubble through, by blowing gently 
thi'ough a glass tube or a straw, the clear solution 
becomes milky, from ^e formation of carbonate 
of lime. The carbon is provided from the carbon 
dioxide exhaled by the lungs. If a saucer of lime- 
water is left standing, a scum of carbonate of 
lime soon forms, owing to the presence of carbon 
dioxide in the air. 
(2.) In burning coal, the carbon of the fuel is converted 
into carbon dioxide, every ton of coal burned 
producing quite two tons of the gas. 
(3.) In all processes of animal and vegetable decay the 
carbon of the organic matter is oxidised to 
carbon dioxide. 

1 strictly speaking, carbonic acid is not a correct name for this gas. Aoids 
always contain hydrogen, which this gas does not. Oarbon dioxide is a more correct 
term. Carbon dioxide, however, when dissolved In wat^, reddens litmus, thus show- 
ing one of the special characters of acids. 
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(i.) Carbon dioxide is given off abundantly in volcanic 
regions. 

There is, therefore, no lack of carbon dioxide, and 
hence it is that most natural waters contain carbonic 
acid. All rivers and springs, therefore, that pass 
through or over limestone rocks, contain carbonate of 
lime in solution. 

"The most clear and sparkling waters often 
contain a quantity of dissolved limestone, just as the 
sea contains a quantity of dissolved salts and other 
matters, and both may be made, by evaporation, to 
deposit their contents in a solid form. Water trick- 
ling through the roofs of limestone caverns, and 
partially evaporated as it falls, deposits the pre- 
viously dissolved limestone it contained in the form of 
stalactites and stalagmites; and brooks and rivers, 
when broken into spray, in like manner deposit masses 
of limestone called Travertine or Tiburstone. Encrus- 
tations are made in this way, both naturally and 
artificially, and the substance deposited is precisely the 
same as that of statuary marble, and is often just as 
crystalline, and will take as high a polish."^ 

With regard to stalactites, which so quickly arrest 
attention in limestone caves. Dr. Mantell, in his 
Wonders of Geology y graphically describes the origin 
and the . picturesque appearance of these singular 
masses of rock : — " One of the most common appear- 
ances in limestone caverns is the formation of 

1 Jukes. ** School Manual of G^logy,** p. 69. 
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what are called stalactites, from a Greek word signify- 
ing distillation or dropping. Whenever water filters 
through a limestone rock it dissolves a portion of it ; 
and on reaching any opening, such as a cavern, oozes 
from the sides or roof, and forms a drop, the moisture 
of which is soon evaporated by the air, and a small 
circular plate or ring of calcareous matter remains; 
another drop succeeds in the same place, and adds, 
from the same cause, a fresh coat of incrustation. In 
time, these successive additions produce a long, 
irregular, conical projection from the roof, which is 
generally hollow, and is continually being increased by 
the fresh accession of water loaded with calcareous or 
chalky matter ; this is deposited on the outside of the 
stalactite already formed, and trickling down adds to 
its length, by subsiding to the point and evaporating 
as before; precisely in the same manner as, during 
frosty weather, icicles are formed on the edges of the 
eaves of a roof. When the supply of water holding 
lime in solution is too rapid to allow of its evapora- 
tion at the bottom of the stalactite, it drops on the 
floor of the cave, and, drying up, gradually forms, in 
like manner, a projection rising upwards from the 
ground, instead of hanging from the roof ; this is 
called, for the sake of distinction, a stalagmite. 

" It frequently happens, where these processes are 
uninterrupted, that a stalactite hanging from the roof, 
and a stalagmite formed immediately under it, from 
the superabundant water, increase until they unite, 
and thus constitute a natural pillar, apparently sup- 
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porting the roof of the grotto. It is to grotesque 
forms assumed by stalactites, and these natural 
columns, that caverns owe the interesting appearances 
described in such glowing terms by those who witness 
them for the first time. 

" The Grotto of Antiparos, in the Grecian Archi- 
pelago, not far from Paros, has long been celebrated. 
The sides and roof of its principal cavity are covered 
with immense incrustations of calcareous spar, which 
form either stalactites depending from above, or irre- 
gular pillars rising from the floor. Several perfect 
columns reaching to the ceiling have been formed, and 
others are still in progress, by the union of the stalac- 
tite from above with the stalagmite below. These, 
being composed of matter slowly deposited, have 
assumed the most fantastic shapes ; while the pure, 
white, and glittering spar beautifully catches and 
reflects the light of the torches of the visitors to this 
subterranean palace, in a manner which causes all 
astonishment to cease at the romantic tales told of the 
place — of its caves of diamonds and of its ruby walls ; 
the simple truth, when deprived of all exaggeration, 
being sufficient to excite admiration and awe. 

" Sometimes a linear fissure in the roof, by the 
direction it gives to the dropping of the lapidifying 
water, forms a perfectly transparent curtain or parti- 
tion. A remarkable instance of this kind occurs in a 
cavern, in North America, called Wyer's Cave. This 
cave is situated in a ridge of limestone hills running 
parallel to the Blue Mountains. A narrow and 
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rugged fissure leads to a large cavern, where the most 
grotesque figures, formed by the percolation of water 
through beds of limestone, present themselves ; while 
the eye, glancing onwards, watches the dim and 
distant glimmers of the lights of the guides — some in 
the recess below, and others in the galleries above. 
Passing from these recesses, the passage conducts 
to a flight of steps that lead into a large cavern of 
irregular form and of great beauty. Its dimensions 
are about thirty feet by fifty. Here the incrustation 
hangs just like a sheet of water that was frozen as it 
fell ; there it rises into a beautiful stalagmitic pillar, 
flud yonder composes an elevated seat, surrounded by 
sparry pinnacles. Beyond this room is another, more 
irregular, but more beautiful, for, besides having sparry 
ornaments in common with the others, the roof over- 
head is of the most admirable and singular formation. 
It is entirely covered with stalactites, which are sus^ 
pended from it like inverted pinnacles, and they are of 
the finest material, and most beautifully shaped and 
embossed. In another department an immense sheet 
of transparent stalagmite, which extends from the floor 
to the roof, emits, when struck, deep and mellow 
sounds, like those of a muffled drum. 

" Farther on is another vaulted chamber, which is 
one hundred feet long, thirty-six wide, and twenty- 
six high. Its walls are filled with grotesque concre- 
tions. The effect of the lights placed by the guides at 
various elevations, and leaving hidden more than they 
reveal, is extremely fine. At the extremity of another 
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range of apartments, a magnificent hall two hundred 
and fifty feet long, and thirty-three feet high, suddenly 
appears. Here is a splendid sheet of rock- work run- 
ning up the centre of the room, and giving it the 
aspect of two separate and noble galleries. This 
partition rises twenty feet above the floor, and leaves 
the fine span of the arched roof untouched. There is 
here a beautiful concretion, which has the form and 
drapery of a gigantic statue, and the whole place is 
filled with stalagmitical masses of the most varied and 
grotesque character. The fine perspective of this 
room, four times the length of an ordinary church, 
and the amazing vaulted roof spreading overhead, 
without any support of pillar or column, produce a 
most striking effect. In another apartment, which has 
an altitude of fifty feet, there is at one end an 
elevated recess ornamented with a group of pendent 
stalactites of unusual size and singular beauty. They 
are as large as the pipes of a full-sized organ, and 
range with great regularity. When struck, they emit 
mellow sounds in various keys, not unlike the tones 
of musical glasses. The length of this extraordinary 
group of caverns is not less than one thousand six 
hundred feet." 

Jenolan Caves. 
Many of the features described by Dr. Mantell 
are well shown in the Jenolan Caves. We have the 
vaulted chambers and noble galleries filled with stalac- 
tites most varied and grotesque. We have caverns of 
great beauty, ornamented in a fashion to command 
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Fig, 68. — Plan of Jenolan Caves, based on the survey of Mr. 0. Trickett. 
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the admiration of every visitor. Just as fancy may 
prompt the observer, he finds in the handiwork of 
Nature's own devising the form of a Gothic cathedral, 
or a Grecian temple with its forest of noble columns. 
Here and there a suggestion of groined arches in 
various gioupings calls up visions of a fairy palace, 
some new and startling effects meeting one at every 
turn. And then the almost magic effect of light and 
shade lends an enchantment to those subterranean 
palaces that we may look for in vain elsewhere. 
Geologically, the existence of the caves depends on the 
tact that a bar of limestone runs almost directly across 
a deeply eroded valley — water, the giant sculptor of 
mountains, having found it easier to make itself a 
passage by dissolving the limestones, rather than by 
eroding them to the valley level. Apart from the 
actual features visible in the caves, a geological 
student will find much to interest him, not merely 
around the caves, but all the wav from Mount Victoria. 
Leaving Mount Victoria (on Hawkesbury Sand- 
stone), the road drops down in a few miles through 
the Narrabeen Shales and the higher beds of the 
Permo-Carboniferous, and through the Upper Marine 
beds, down to the granite at Hartley. Some 
interesting dykes cut through the granites hereabouts. 
Many varieties of granite are plentiful on the Cox 
River close by, red, grey, and blue-black granite being 
common. Graphic granite, f elsite, and diorite are also 
abundant. Amongst the sedimentary rocks, chert, 
conglomerate, grit, sandstone, mudstone, clay shale, 
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kerosene shale, and coal, can be noted in the Permo- 
Carboniferous. Garnet-rock, limestone, and numerous 
varieties of limonite and haematite can be noted in 
a few square miles of country on the Cox River, a 
few miles to the south of Hartley. An interesting 
dark and fine-grained plagioclase rock, in the shape of 
a dyke, will be found in a creek at the back of the 



Fig. 69. — View (looking south) showing a series of bedded Silurian 
limestones dipping to the west. Molong, New South Wales. 

Eoyal Hotel, Hartley. The dark colour of the dyke 
makes it noticeable beside the light-coloured granite. 

On the hill, just beyond Louther Public School, 
specimens of a very fine diorite can be collected. 
When sliced for the microscope, this makes a magnifi- 
cent rock-section in polarised light. Not far beyond the 
Half-way House belonging to the Grand Hotel, a few 
quarries have been opened, near two small churches. 
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These quarries are in an outlier of Upper Marine 
Sandstone. It will be noted that the sandstone in the 
quarries contains water -worn boulders of granite, 
quartz, and metamorphosed slates. The occurrence of 
granite boulders is especially interesting, as they prove 
that the granite is older than the Upper Marine ; and 
evidence is available elsewhere that tlie same granites 
are newer than Silurian, and, perhaps, even Devonian 
rocks. It is for this reason we are able to say that 
these granites are newer than Silurian and older than 
the Upper Marine beds of the Permo-Carboniferous. 

A few miles beyond the Half-way House referred 
to, the road follows a cutting around the head of a deep 
valley. Granite is exposed here, showing concentric 
and spheroidal weathering, with a distinct disposition 
to develop a sheeted structure. 

Fifteen and a-half miles from the Cox River we 
leave the granite, and in various places along the road 
quantities of water-worn pebbles and boulders will be 
noted. At first sight these would seem to be derived 
from some vast river deposit. On a closer examina- 
tion, however, it will be seen that these boulders, are 
all that are left of extensive sheets of Upper Marine 
Sandstones and conglomerates removed from this 
region by denudation. In other words, these boulders 
owe their rounded character to the action of the sea 
in far-away Permo-Carboniferous times. They were, 
through long geological ages, embedded in a sandstone 
matrix which settled round them on the old sea-shore. 
They were buried beneath many thousands of feet of 
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Permo-Carboniferous and Triassic sediments, and are 
now strewn on the surface as silent witnesses of the 
amount of denudation and wear and tear that this 
country has suffered. 

At various points on the road, walls of sandstone 
may be seen away in the distance, across the valleys, 
every wall or cliff showing a slope or talus at its base. 



Fio. 70. — HcUysiteSy a characteristic Silurian fossil coral, known aa 

'* chain coral." Abundant in limestone near Molong, New 

South Wales. 



On the top of Cave Hill we find diorites and por- 
phyries intruding the Silurian sediments. Many 
examples of these intrusions will be found in the long 
cutting down to the Caves. Almost vertical slates can 
also be noted, dipping now in one direction, now in 
another. A careful examination will show masses of 
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slate floated bodily upwards by the intrusion of quartz 
and felspar porphyry. The slate rocks will also be 
seen folded, the core of one anticline being easily 
noticed near the Grand Archway. 

When at the Caves the geological student would 
do well to observe : — 

(1.) A mass of intrusive augite-porphyrite in a cutting 
made for the erection of the dining-room at Cave 
House. This interesting rock is altered much in 
places, through the absorption of overlying rocks 
while still jn a liquid condition. With a little 
care, specimens may be found showing crystals of 
augite in a quasi-felsitic base or paste. 
(2.) About Inchman*s Creek, two-and-a-half miles from 
Cave House, towards Mount Victoria, fossil corals 
and crinoids can be found in a matrix that in 
hand specimens can hardly be distinguished from 
an igneous rock. This may be taken as a proof 
that sedimentary rocks, and even limestones, may 
have been absorbed by the underlying igneous 
rocks as they worked their way upwards into the 
solid crust. On the other hand, of course, these 
sediments may have been depressed into the liquid 
magma. A more probable view is that while the 
corals were growing they were buried in a layer 
of coarse volcanic sand, which rained down into 
the clear sea-water. Whatever the explanation 
is, we find casts of marine, fossils, such as corals 
in a matrix which has many of the characters of 
an igneous rock. 
(3.) Fossil corals may be detected in the limestones on 
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McKeown's Creek, but they do not stand out as 
we see them oftentimes in limestones. They show 
merely a dull white outline on the very dark surface 
of the rock. By following the bed of any stream 
that enters McKeown's Creek, on one's left going 
up stream, black radiolarian cherts will be found. 
It is hardly necessary to say that the radiolaria 
or radiolarian casts can only be detected on slicing 
the rock for the microscope. Generally, the radio- 
larian cherts occur to the west of Cave House. 
(4.) White marble limestone can be found about a 

mile-and-a-half down the Cave River. 

(5.) Basalt of Tertiary age is found covering hilltops 

more than two thousand feet above the Caves. 

The excavation of all the great valleys around was 

certainly subsequent to the eruption of this basalt. 

It has already been stated that folded and 

vertical strata may be noted in the cuttings coming 

down Cave Hill. One fold can be seen on the Cave Hill 

side of the Grand Archway. This, it will be noticed, 

is faulted. The second can be observed between here 

and Inchman's Creek, and portions of another fold 

are exposed about three-quarters of a mile on the 

Cave side at Pheasant's Nest Creek. 

The belt of limestone in which the Caves occur 
measures about three hundred yards across, and runs 
in a general north and south direction, striking a 
little to the west. Standing on any one of the 
higher points of the ridge, the limestone can be 
distinguished even at a distance, as it contrasts 
markedly with the surrounding Silurian slates. The 
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Fig. 71. — Hawkesbury Sandstone exposed on the coast 
to the north of Manly. 
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whole country is scored and cut into by running 
water, the rugged hills and precipitous valleys giving 
rise to some really notable scenery ; but in its every 
aspect the carving of the hills, and in fact the scenery 
itself, depends upon the geological formations. While 
one gazes into these ravines and chasms, showing 
Nature in her wildest moods, it detracts nothing 
from the beauties and impressiveness of the land- 
scape to look below the surface, and understand the 
causes that have given birth to those mountains that 
rise and fall like billows away into the distance. 
A little thought, and we are back to the far-off time 
when the grey limestones around were masses of 
living coral. It is no small triumph for the science of 
our day to help us to look again into the early days of 
the earth, and to observe in those ancient sun- 
lit seas the stone-lilies, corals and shells treasuring 
within them the sole and only forms of life the world 
knew of. But the fact of life being there, even 
in its lowliest forms, adds an interest that will 
ever make these silent rock teachings appeal to the 
human mind. 

Writing on these limestones, the late Mr. Charles 
Wilkinson, Government Geologist, remarks : — 

" And here it is perhaps not out of place to trace some 
steps in the course of Time that are forcibly presented to 
us. What a circle in the laws of nature is suggested by 
this scene ! First, the decaying vegetation of some ancient 
forest is invisibly distilling the gas known as carbonic 
acid ; then a storm of rain falls, clearing the air of the 



Digitized by 



Google 



250 Geology of Sydney. 

noxious gas, and distributing a thousand streamlets of acid 
water over the surrounding country, and which, as it drains 
off, not only wears the rocks it passes over, but dissolves 
them in minute quantities, especially such as contain much 
lime, and then, laden with its various compounds, flows off 
to the distant sea, where reef corals, lying in fringing 
banks round the coast, are slowly absorbing the lime from 
the water around them, and building the fragile coatings 
that protect them during life. Slowly as the land sinks, 
the coral bank increases in height, for reef corals can only 
live near the surface of the water ; and soon a considerable 
thickness has been obtained ; while below the upper zone of 
live corals lies a Aast charnel-house of dead coral skeletons ; 
then comes a change : suitable temperature, or some other 
essential condition, fails, killing out all the corals, and 
through long ages other deposits accumulate over them, 
gradually crushing and consolidating the coral bank into 
a firm rock. At last a convulsion of the earth's crust 
brings it up from the buried depth in which it lies, leaving 
it tilted on its edge, but still, perhaps, below the sui*face of 
the ground ; rain, frost, and snow slowly remove what 
covers it, until it lies exposed again to the sunlight, but so 
changed that only for the silent but irresistible testimony 
of the fossil forms of which it is composed, it were hard to 
believe that this narrow band of hard grey rock was once 
the huge but fragile coral bank glistening in the bright 
waters with a thousand hues. And now the process 
is repeated ; the decaying vegetation of the surround- 
ing forest produces the carbonic acid, the rains spread 
it over the ground, which is now the most favourable 
for being dissolved, and the consequence is that the 
acid water saturates itself with the limestone rock, and. 
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whenever the least evaporation takes place, has to deposit 
some of its dissolved carbonate of lime in one of the 
many stalactitic forms, before it can flow off to the 
sea and distribute its remaining contents to fresh coral 
banks. 

"Thus the old coral reef melts away far inland, 
and the lime that formed the framework of its corals is 
again utilized for the same purpose. What a simple suc- 
cession of causes and effects ! And yet, before the circle 
is completed long ages of time have come and gone ; and 
what a fine example of the balance between the waste and 
reproduction that takes place in nature ! ^ 



1 0. S Wilkinson, "The Jenolan Oaves." An article contributed to a Railwav 
Guide of New South Wales. Sydney (Joverument Printer, 1886. 
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CHAPTER XL 
BASALT, GRANITE AND DIORITE. 

IGNEOUS ROCKS — CLASSIFICATION OP IGNEOUS ROCKS — 
BASALT — BASALTIC DYKES OP SYDNEY— PRISMATIC SAND- 
STONES—DECOMPOSITION OP BASALT— BASALT AT BONDI 
— EXAMINATION OP THE BONDI BASALT : MACROSCOPIC, 
MICROSCOPIC AND CHEMICAL- GRANITE — LA MALADIB DU 
GRANITE —DIORITE. 

It IS abundantly clear to the reader by this time that 
the Igneous or fire-formed rooks stand in marked 
contrast to the Aqueous or water- formed rocks. We 
are no longer dealing with lonely fens, swamps, and 
marshes, or the peaceful depths of ocean waters. 
Instead of the splashing of rivulets or the brushing of 
uncouth reptiles through the tangled undergrowths of 
ancient valleys, we have the roar and thunder of the 
volcano. We must picture the hills lighted up with 
weird fires, and with streams of glowing lava pouring 
over their smirched shoulders and rolling down to the 
lowlands. The evidence is complete that basalt is an 
Igneous rock, and that such basalt-capped hills as 
Mount Hay and Mount Tomah, and the Bald Hills at 
Bathurst, are remnants of vast lava streams which 
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flowed from the craters of some long-extinct volcanoes. 
The dykes intersecting the Hawkesbury Sandstone 
in so many, directions are no less certainly rocks of 
Igneous origin. 

For convenience in their study, Igneous rocks 
must be classified. Geologists are not, however, 
agreed as to the best system of classification, although 
all are agreed on the characters which distinguish 
them. Igneous rocks are known — 

1. By occurring in irregular masses, penetrat- 
ing stratified rocks, and by sending off 
tongues and dykes into the sedimentary 
rocks around them. 

2. By their showing characters not unlike 
furnace slags. 

3. By their vesicular structure. 

4. By their completely crystalline or partly 
crystalline structure. 

5. By their being identical with rocks now 
flowing from volcanic vents. 

6. By their altering the rocks they are in con- 
tact with. Sandstones, for instance, are 
altered to quartzite, and coal to a natural 
coke. 

Igneous rocks may be grouped according to — 

(a) Structure. 

(b) Chemical composition, 

(c) Origin. 
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In structure^ an Igneous rock may be : — Holo- 
crystalline, such as Granite (see Fig. 10); partly 
crystalline, such as Basalt (see Fig. 6); or glassy, 
such as Rhyolite. 



Fig. 72. —Granite Rocks near Tarana, N. S. Wales, showing tho 
weathering of Granite into boulders of disintegration, i 

According to chemical composition, Igneous rocks 
are grouped into three classes, depending on the per- 



1 Trayellmg from Sydney by rail, these rocks may be seen from the train, to the 
left of the railway lino, a few miles beyond Tarana. 
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centage of silica they contain — Acid, Intermediate, 
and Basic. Ultra-basic rocks are sometimes placed 
in a separate class. 

CLASSIFICATION OF ERUPTIVE ROCKS, 

According to their Origin and Composition. 

ACIDIC ROCKS, 



65 to 80 per 


cent, of Silica. 


Volcanic. 


Platonic. 


OBSIDIAN 
RHYOLITE 


GRANITE 



INTERMEDIATE ROCKS, 

55 to 65 per cent, of Silica. 



Volcanic. 


Platonic. 


TRACHYTE 
ANDESITE 


SYENITE 
DIORITE (mostly) 



BASIC ROCKS, 

45 to 55 P^^ cent, of Silica. 



Volcanic. 


Platonic. 


BASALT 

DOLERITE 

TACHYLITE 


DIORITES (some) 
GABBRO 



According to origin, Igneous rocks are termed 
Plutonic if they consolidated at great depths and 
under great pressure, in those regions assigned by 
mythology to Pluto. On the contrary, fire-formed 
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rocks which cooled at or near the surface are known 
as Volcanic. Both Volcanic and Plutonic rocks may be 
conveniently designated Eruptive. It will thus be seen 
that it is not always necessary to determine exactly 
whether a rock is Plutonic or Volcanic, some of the 
more important lessons that may be learned from its 
history being at once apparent if we can get so far as 
to conclude that the rock is Eruptive in character. 

All the Igneous or Eruptive rocks near Sydney are 
basalts, and occur in the shape of dykes, or, in a few 
instances, in the shape of bosses. According to our 
Table, therefore, they are Basic rocks of Volcanic origin. 
It may thus be asked : Did our basalts actually flow 
from a volcano ? The basaltic lavas that we are more 
accustomed to hear about are those that flowed in 
liquid or often as merely plastic streams from a 
volcanic vent. The basalts on Mount Hay and Mount 
Tomah, and also the basalts about Bathurst and 
Orange, answer exactly this description. The dyke- 
like walls of basalt that cut through the sandstones 
and shales about Sydney probably never reached the 
surface.^ The liquid magma was forced up from below, 
and cooled and hardened just where we find it. 
Although these rocks did not actually flow over the 
surface of the earth, they correspond to the general 
characters of rocks that cooled from a molten condi- 
tion at or near the surface. For the most part, our 
Sydney basalts occur in the shape of dykes. In most 
instances the original blue-black basalt is altered, by 
decomposition, into a soapy cream-coloured clay not 

1 Evidence is not wanting that may support an opposite view. 
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in any way resembling the original-rock. It must be 
always somewhat difficult to convince a beginner that 
this plastic clay is produced by the decomposition 
of basalt. 

But, a little patience will settle that point. As a 
matter of fact we can find basalt in every inter- 
mediate stage, from the fresh blue-black rock to the 
pasty clay referred to. We can go farther, and say 
that even if the clay had disappeared it might still be 
taken for granted that an Igneous rock once filled the 
fissures. This, we would conclude, from the fact that 
the basalt has left its mark, so to speak, on the sand- 
stones, by altering them to a harder rock. In many 
places around Sydney it is noted that the sand- 
stones are harder than usual, and show a rudely pris- 
matic structure. Stone of this class is much sought 
after for road-making. Whenever such a hardened 
sandstone is found it is promptly quarried, and, in the 
process of excavating, the cause of this hardening is 
usually discovered, in the shape of a dyke of Igneous 
rock whose contact altered and hardened the sand- 
stones. 

True, as already pointed out, this dyke is often 
altered almost beyond recognition; the hard rock 
that once filled the fissures, in a liquid and molten 
condition, having now succumbed to the inexorable 
law of change. It will thus be seen why it is that 
baked and hardened sandstones are accepted as the 
work, direct or indirect, of intruded basalt. This is 
quite in keeping with all observed facts. It is also 



Digitized by 



Google 



258 Qbolooy op Sydney. 

noted that when sandstones are nsed for the bottoms 
of farnaces they become hardened^ and develop a 
prismatic structure. A fine example of prismatic 
sandstone could at one time be seen at a quarry 
near the outlet of the main sewer, Bondi (Pig. 
32). This has long since been quarried away, but 
some columnar sandstone and masses of basalt can 
still be seen in the cliffs, although much of the last- 
named rock is altered to the soapy clay already 
referred to. 

There is another locality where the basalt is to 
this day hard and undecomposed. This is the Moore- 
fields dyke, Canterbury (Fig. 15). Here we see one 
of the few basaltic dykes around Sydney in which at 
some depth the rock is still well preserved, showing very 
little signs of decomposition. It is mined for road 
purposes by sinking shafts, at various points, to a depth 
of 60 to 100 feet, connecting these shafts by drives, 
and breaking down the rock pretty much in the 
same way that a quartz reef is worked. The basalt is 
10 to 15 feet in width. This interesting example is 
well worth a visit when stone is being quarried. 
When work is not being carried on, the shafts are 
usually full of water. 

At Rookwood, just south of the Rookwood Park, 
a dyke is worked for road metal, and where the work- 
ings are deepest some undecomposed basalt is still 
procurable. The dyke is, in places, 10 feet in width, 
with smooth walls of shale on each side. It runs in 
ftn easterly and westerly direction. As may be seen 
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by tlie list given below^ unaltered basalt is not at all 
plentiful^ tbe dykes being nsually changed to a soft 
clay. Thus it is that we value every evidence of the 
former presence of the fiery masses that intruded the 
sandstones and shales from unknown depths. Pris- 
matic and hardened sandstones are accepted as almost 
conclusive evidence of the proximity of basalt, and, in 
making a record of the occurrence of basalt, we find 
it almost of equal value to make a record of the pre- 
sence of prismatised and altered sandstones. 

Intrusive masses, mostly in the shape of dykes, of 
undecomposed basalt are known around Sydney at — 

1. Prospect Reservoir. 

2. Pennant Hills quarry. 

3. Dyke running east and west at Rook wood. 

4. Moorefields dyke, Canterbury, running in a 

north-easterly and south-westerly direc- 
tion. 

5. Basaltic dyke at Peakhurst, probably a con- 

tinuation of the Moorefields dyke. 

6. Dyke at Bondi, on the coast, running north 

and south. 
. 7. Dyke at Long Reef, between Narrabeen and 
Manly, probably a continuation of the 
Bondi dyke. 

8. Dyke at the head of the small bay between 

Long Bay and Maroubra Bay. 

9. On Humphrey's property, Burwood, abasaltic 

dyke was quarried some years ago. 
10. In a brick-pit, St. Peters. 
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Good examples of dykes of decomposed basalt are 
known to occur — 

1. Near Beecroft Railway Station, crossing the line 

2. Crossing the railway line at Petersham. 

3. Crossing the line at Belmore Railway Station. 



Fig. 73. — Columnar Sandstone, Bondu 

4. At Saunders* quarries, Pyrmont, running 

east and west. 

5. In the quarry at Five Dock tram terminus. 

6. In a quarry near Kensington. 

7. Cutting through the Greenwich peninsula. 

8. At Bondi. (See Map). 

9. Small dykes at Long Bay and Maroubra Bay, 

running into the sea. 



Digitized by 



Google 



Basalt. 261 

10. At Blakehurst, near Hursfcville. 

11. Near Cremorne, North Shore. 

12. At a point, on a tributary of the Lane Cove 

River, about three miles from Pymble. 

13. A decomposed dyke was exposed (while some 

excavations were being made by the Water 
and Sewerage authorities) in Riley-street, 
south side of Albion-street, Surry Hills. 
The dyke was parallel to the north wall of 
house No. 292. 

14. Another dyke was exposed at the corner of 

Waterloo and Cooper Streets, Sydney. 

15. At the end of the old Rifle Range, Moore 

Park — dyke runs east and west? 

Hardened and prismatic sandstones are known — 

1. At Blakehurst, near Hurstville. 

2. At La Perouse, in a quarry close to the main 

road. 

3. At Pyrmont, near Saunders* quarries. 

4. At Five Dock, in the quarry worked for 

road-making. 

5. On the cliffs, a little to the south of Manly 

Beach. 
G. At Bondi, associated with basalt. 

7. About two miles south of Turramurra. 

8. In a quarry on the road from Hunter's Hill 

to Ryde, near the first-named locality. 

An illustration showing the relation of hardened 
and prismatised sandstone to igneous intrusions was 

1. Seepage 339. 
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afforded at Blakehurst^ where a quarry was opened in 
hardened sandstone^ without any visible trace of the 
Igneous rock. In the course of working the quarry^ as 
was expected^ the dyke was found, but altered to a 
condition seen in the Bondi fissures. Another instance 
is the occurrence of incipient columnar structure in 
the sandstone on the North Head, south of Manly. 
No Igneous rocks are at present known as being 
exposed here ; but it may be noted that the place is 
right in a line between Bondi and Long Reef, so it is 
more than probable that the Igneous rock is not far 
away, and may yet be found in this neighbourhood. 

The basalt quarry at Pennant Hills has been 
described by Mr. C. S. Wilkinson. He states: — "It 
is an immense excavation, from which road metal is 
said to have been taken for over fifty years. The 
rock consists of a dense but jointed basalt, containing 
small fragments of other rocks, and some huge masses 
of coaly shale, from which it would appear that this 
spot is the site of an ancient volcanic point of erup- 
tion." Most geologists agree with this view ; but it 
was left to Professor David and his assistants to note 
the interesting fact that there is chromite and a chrome- 
bearing mineral associated with the basalt. ^ 

Still more interesting is the great mass of intru- 
sive rock at Prospect. The country rock is Hawkes- 
bury Sandstone and shales. " Penetrating these 
formations are dykes and masses of Igneous rock, 

1 In the opinion of the present writer, the chromite occurs in erupted blocks 
of a much altered serpentine, or a closely related ultra-basic rock. 
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Fig. 74. — Map showing fissures left by the decomposition of 
previously existing igneous dykes, Bondi. 
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varying from a dense basalt to a coarse-grained hom- 
blendic greenstone. At Prospect these rocks form a 
conspicuoas and irregularly-shaped hill, which attains 
an elevation of 430 feet above sea level. Prom its 
summit, near Graystancs (the residence of Mr. Went- 
worth), a very commanding view is obtained of the 
surrounding country, embracing the City of Sydney, 
Parramatta, Liverpool, Campbelltown, and the Blue 
Mountains." 

''On the south side of this hill a large quarry has 
been opened, immediately adjoining the site of the 
reservoir for the Sydney water supply. This quarry 
has been abandoned, as road-metal can now be 
obtained nearer to Parramatta, but the rock on it being 
less jointed and more uniform in texture than that in 
any of the other quarries in the district could be hewn 
in large blocks, and would be suitable for making into 
slabs for paving-stones." 

" For this purpose samples of the stone should be 
obtained, for I am of opinion that as regards cost of 
production and durability it might successfully com- 
pete with the basalt flag-stones imported from Mel- 
bourne, though the stone from Prospect is somewhat 
the harder of the two. On the west side of Prospect 
Hill, on the Law son Estate, and also on the north side of 
the hill, in a small Reserve, some dense basalt is being 
quarried yielding good road-metal ; it occurs in 
unlimited quantity." — (Wilkinson.) 

At the head of an indentation on the coast, between 
Long Bay and Maroubra Bay, a dyke enters the sea. 
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Here the sandstones have been altered into the most 
perfect examples of quartzite that are known about 
Sydney. The aboriginals were aware of the nature of 
this stone^ and used it to make skinning-knives. This 
quartzite is, in places, stained by iron oxides to a rich 
chocolate brown, and on first sight resembles the iron- 
stained quartz of some auriferous quartz reefs. Even 
miners have been misled by this similarity, and worked 
here for some time sinking and driving. Their efforts 
were not rewarded with any success. In working they 
came on to the hard and undecomposed basalt. A con- 
siderable quantity of this interesting rock is, at the 
time of writing, strewn about the old shaft, but will 
soon disappear before the demands of museums and 
private collectors. 

Between this point and the north head of 
Maroubra Bay seven dykes may be found, varying in 
thickness from one to five feet, all running east and 
west. The rocky headlands to the north and south of 
Maroubra are thus notable for the number of igneous 
dykes that intrude the sandstones. 

In Gentle^s quarry, at St. Peters, a dyke now 
represented by decomposed basalt can be examined. 
This dyke is faulted, in two places, by horizontal 
thrust planes. 

When Mr. Wilkinson first drew attention to these 
basaltic intrusions, the public seemed generally much 
interested, and to dispel any possible fears he wrote : 
^* Happily these disruptive agencies have ages ago 
ceased. So that the residents of Petersham, whose 
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houses may happen to be built over these old volcanic 
▼ents^ need not allow their midnight rest to be disturbed 
by misgivings as to the security of their peaceful dwell- 
ings/' 

Some years ago basalt used to be quarried on 
Humphrey's property at Burwood. Fine undecom- 
posed basalt was found, and worked to a depth of one 
hundred feet, evidently from a dyke, probably a con- 
tinuation of the Eookwood basalt. 

In order to study the intimate structure of basalt, 
a thin section must be prepared, and mounted upon a 
glass slip, with Canada balsam. The preparation 
of these slices is a matter altogether of patience and 
practice; but it is not nearly so difficult as it first 
appears. The simplest way to prepare this thin slice 
is as follows : — 

1. Select a sound undecomposed portion of rock; 
flake off, with a hammer, a chip about the 
size of a half-penny, and grind down one 
surface, with emery and water, on an iron 
plate ; these plates are conveniently about 
12x12 inches. Towards the close of this 
portion of the operation the emery will have 
been ground into a very fine paste, so that 
the face on the rock will be fine and smooth. 
Should coarse emery remain, the rock will 
not have that smoothed surface required, 
and in this case it will be better to finish 
this part of the operation with some very 
fine flour-emery and water on a square 
plate of glass. 
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Fig. 75. — Hawkesbury Sandstone, showing current bedding, 
exposed in cliff's to tlie north of Manly. 
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2. Finish the surface produced by rubbiug on a 

water-of-ayr honestone. 

3. Some Canada balsam is now spread out in a 

thin layer on a glass plate, and heated or 
" cooked ^^ until it is of such a consistency 
that when cold it is sufficiently hard to 
retain an indentation made by the finger- 
nail, but yet not so hard as to be brittle. 
The exact degree can be learned only by 
experience. When a wooden match is 
dipped into the balsam and brought away 
it will carry a thread of balsam after it. 
If this thread, on cooling, becomes brittle 
the operation has proceeded far enough. 
A slip of ordinary double thick window 
glass (about 2x2 inches) is now taken 
and heated on an iron plate. This iron 
plate must be supported in table fashion, 
so that a small lamp may be placed under- 
neath. 

4. Take some of the cooked balsam on the glass 

slip, and, having heated the rock suffi- 
ciently to expel all moisture, it is then 
pressed firmly into the balsam, in such a 
way as to exclude all air bubbles. The 
glass slip, with the rock cemented, smooth 
side down, is now removed and allowed 
to cool. Grinding operations are now 
resumed, on the other side of the rock, 
the square of glass serving as a handle, 
and, at the same time, acting as a sup- 
port for the stone when ground down to a 
film. As the grinding proceeds, the stone 
will become more transparent as it becomes 
thinner and thinner, until at last, when 
pressed on a printed sheet, the print may 
be read through the stone. Towards the 



Digitized by 



Google 



270 



Geology of Sydney. 



end of the process it will be necessary to 
use only flour emery, and to exercise con- 
siderable care, as a few extra rubs may 
destroy the whole preparation. 

Any superfluous balsam scattered on the 
slide can be removed by a hot knife, and 
finally by washing in alcohol. Thus com- 
pleted, the slide is labelled, and forms the 
"thin section " of the petrologist. 



Basalt Dyke 

Bond/ 
Sydney 



5. When sufficiently thin, the film must be re- 
mounted on an ordinary microscope 
slide. These slides are usually 3x1 
inches or 2 x 1 inches. While still 
on the thick glass on which it was 
ground, the rock slice must be washed 
with a brush (a tooth-brush will 
answer) to get rid of all emery par- 
ticles. It is next washed in alcohol, to 
remove any balsam, into whicK grains 
of emery may have been forced. 

6. A clean mounting slip is now laid 

on the warm iron plate, and a drop of 

fresh balsam placed in the centre. 

The thick glass, with its film of stone 

adhering, is also heated ; a drop of 

old balsam is placed on the rock slice, 

and a thin cover glass gently laid 

upon it. The thin cover acts now as 

a support for the rock slice, and when 

sufficiently warmed thethin coverand 

rock slice may be pushed gently from 

the thick glass on to the new slide. 

While the balsam is still warm and 

Fig. 76. -a Rock fl^jj^ ^^^ ^^^^^ gi^^gg ^^^ ^j^i^ slice 

Slice prepared and m^y b^ moved about to the exact 

mounted for the mi- centre of the slide, or placed in any 

croBcope. desired position, and then allowed to 

cool. 




Au$ite. 

. Olivine, 
Plagioclase, 
Magnetite. 
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There is a distinct advantage in a student pre- 
paring his own rock slices. For example, in grinding 
a slice of oasalt from the Bald Hills, Bathurst, long 
before the slice is thin enough for microscopic exami- 



FiQ. 77. — Remarkable Weathering of Sandstones, Maroubra Bay, 
near Sydney. 

nation the felspars will have become transparent, 
showing the beautiful streaming or flow structure so 
characteristic in this rock. The felspars are seen to 
have been caught as they floated in the molten magma. 
In flowing along, the groups part on meeting with an 
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obstraction^ meeting again beyond^ giying rise to an 
appearance that may be compared to '* logs in a mill- 
stream^ the olivines representing small islands." 

In like manner^ when a slice of Bondi basalt is 
prepared in this way, the olivine crystals show the 
character of the rock before the slide becomes generally 
transparent. 

At Bondi, as shown on the map (Fig. 74), we have 
fissures left by the decomposition of previously exist- 
ing dykes, masses of decomposed basalt, and some of 
the unaltered basalt in situ. The main fissure runs 
north and south, in the direction of the dyke at Long 
Eeef , some ten miles further north. This is at present 
a line of weakness, and no doubt has been one of the 
factors in determining the present coast-line. 

The Bondi basalt occurs as part of a dyke intru- 
sive in the Hawkesbury Sandstone, on the coast to the 
east of the city of Sydney. As a land-mark, the venti- 
lating shaft of the Bondi main sewer is easily found. 
Close by is a quarry of columnar sandstone. From the 
floor of this quarry a winding path leads down to the 
base of the cliffs and to sea level. To the right of this 
path, some fifty feet from the top, undecomposed 
basalt may be found. Part of the path is cut through 
the same basalt, decomposed and altered to a grey, soft, 
and, when wet, pasty rock. A few chains south, a deep 
and narrow fissure can be seen cutting a mass of sand- 
stone away from the mainland. There is no doubt but that 
this and similar fissures in the neighbourhood are left by 
the decomposition of previously existing dykes of basalt. 
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A second fissure is noted (marked D on map), 
running in a north-westerly direction, and still retain- 
ing some decomposed basalt in situ. Further south is 
a third fissure (0 on the map attached). Pig. 13 is a 
photograph of this fissure, taken from a point at sea 
level, which may be reached through the Meriveri Pass. 
The photograph shows basalt filling the lower part of 
the fissure, but now soft and decomposed. Still 
further south there are two other fissures — five in all 
— that unmistakably show they were once filled with 
basalt. These are shown as A and B on the sketch 
map. The former retains portions of the decomposed 
basalt, as an unctuous or soapy-grey and yellowish 
mass, with amygdules of decomposition products. At 
this point some very bright green colours seen in the 
decomposed rock were proved to be due to traces of 
chromium, which chemical analysis shows the rock to 
contain. 

At the date of- writing, undecomposed basAlt could 
be found in two places only in the vicinity of these 
dykes and fissures — the projecting knob of basalt 
already referred to, on the path down the cliff, and on 
a point of rock standing above the sea in calm 
weather, a few chains from the mainland, and marked 
Gr on the sketch map. The small amount of undecom- 
posed basalt remaining is noteworthy, as continued 
operations at the quarry may hide the little that there 
is completely from view. But even should the last 
traces of the basalt proper be lost, the fissures, the 
decomposed rock filling them in part, and the prls- 
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matic sandstone will point unmistakably to the 
proximity of masses of basalt. 

The Bondi basalt dykes have, it is evident, been 
one of the factors in the shaping of the present coast- 
line. In my opinion there are two separate intrusions, 
but not necessarily of different ages. The fissures at 
A, B, C, and E (see sketch map) are all belonging to a 
dyke which cut through the sandstones in a northerly 
and southerly direction. Besides the dyke running 
north and south, there exists a dyke, as described 
above by the Eev. W. B. Clarke, coming from the 
direction of Greenwich, and of which the basalt at D 
and G may be branches. 

The most notable feature of the locality is the 
columnar sandstone, as shown in Pig. 32. This struc- 
ture was, no doubt, induced by the proximity of the 
Igneous rock. Some of the sandstones that were in 
contact with the molten basalt show very little trace 
of metamorphism, while in other parts the same sand- 
stones are rendered quartzose in texture and prismatic 
in structure. No very clear relation can now be made 
out between the more extreme examples of metamor- 
phism, and any special massing of the Igneous rock. 
But denudation has so affected the locality that, at 
this date, it is practically impossible to say whether the 
basalt may not have almost surrounded the masses 
that show the columnar structure so perfectly. 

It may prove of interest to indicate here some of 
the lines along which a student may investigate the 
characters of this basalt. 
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Macroscopic Examination. 

In hand specimens, the Bondi rock is a blue-black 
dense rock that rings under the hammer. The texture 
is compact, and, to the unaided eye, a fine glistening 
structure is the only indication of its varied consti- 
tuents. A hand-lens will show an occasional porphy- 
ritic mineral not more than half a millimetre long. On 
slicing the rock these prove to be olivines or augites. 
It decomposes to a light grey crust as seen in the 
specimens exhibited. This, by the further removal bf 
its more soluble constituents, becomes the soapy stifE 
rock, in appearance not unlike Fuller's earth, that fills 
the fissures already referred to. The light grey colour 
of this decomposed crust is somewhat remarkable, as 
the rock contains ] 3% of ferrous and ferric oxide — 
quite as high a percentage as many basalts that weather 
to a bright red clay. A polished slab of the rock is 
etched with more than ordinary rapidity by hydro- 
chloric acid. The polished slab is almost black. When 
acted on by the acid it shows a light grey ground, with 
the unattacked minerals standing out as black granules. 
Its specific gravity is 2*94, a density somewhat above 
typical basalt. 

Magnetic Properties. 

The appearance of the etched surface suggested 
trying the effect of a magnet on the rock. A thin bar of 
the basalt, five millimetres long, was cut, and I found 
that a magnet lifted the bar readily. A second bar was 
cut and mounted as a magnetic needle. Permanent 
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polarity was induced in this by placing it between the 
poles of an electro-magnet, with the result that the 
needle of rock became sensitive to opposite poles of a 
magnet. It is too heavy to respond to the directive 
influence of the earth's magnetism, but on subjecting 
the whole apparatus to a gentle vibratory motion, the 
bar will set north and south. 

Chemical Composition. 

The peculiar colour of the weathered basalt 
immediately around the fresh rock suggested the deter- 
mination of its solubility in acids; '5 gram of finely- 
powdered basalt was digested in dilute hydrochloric 
acid for two and a half hours, then it was heated with 
strong acid for one and a half hours, with the result 
that '218 gram remained insoluble. This gives 56*4% 
of the rock as soluble in hydrochloric acid. 

A fresh portion of the powder was ground to the 
finest possible condition in an agate mortar, moistened 
with water, and just covered with strong hydrochloric 
acid, in a small watch glass. In six hours the whole 
mass had gelatinised rigidly at the ordinary tempera- 
ture of the laboratory, 65 — 70 F. The mass was just 
covered with water and let stand for forty-eight hours. 
The edges of the gelatinised silica then showed, under 
the microscope, numbers of cubes of sodium chloride — 
far in excess of what one should expect, even if all the 
felspars were completely decomposed by the acid. A 
drop of strong hydrochloric acid was placed on a 
polished slab of the basalt. In two hours the acid had 
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become rigid and gelatinous, and showed cubes of 
sodium chloride under the microscope. A portion of 
the finely-powdered rock was digested for half an hour, 
with acetic acid, hydrochloric acid added to the filtered 
solution, and, on evaporating on a glass slide, cubes of 
sodium chloride were formed in abundance. 

In order to guard against the possibility of the 
sodium chloride being contained in the rock as an 
impurity, derived from its proximity to the sea, I 
determined the presence of chlorine in four separate 
samples of the basalt, in the manner recommended by 
Messrs. Fouqu^ and L^vy.^ A gram of the basalt was 
powdered and ground in an agate mortar, washed well 
on a filter with boiling water, and then acted on by 
nitric acid. The acid was evaporated to dryness to 
render the silica insoluble, and taken up with water ; 
on the addition of silver nitrate a precipitate of 
chloride of silver formed immediately. 

There can be no question, then, as to the presence 
of chlorine and some easily soluble soda-bearing 
mineral in the Bondi basalt. 

The soda minerals found in basalt are — soda 
felspars, nepheline, hauyne and nosean, and analcime 
as a secondary product. 

The soda felspars do not gelatinise with acids, and 
certainly are not rapidly soluble in weak hydrochloric 
acid or acetic acid. So we cannot consider the felspars 
the source of the soda that crystallizes as sodium 
chloride. 

1 Min&ralogie Microgiaphique, p. 449. 
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Nepheline, if present, would certainly answer to 
the tests just stated, but a microscopic examination of 
the rock shows that the mineral so readily soluble is 
isotropic. Certain minute clear six-sided forms can be 
found under high powers in every slide; but this 
mineral, too, is isotropic, and, so far as I can obserre, 
no trace of the uniaxial-figure that nepheline would 
show can be seen. 

Hauyne is excluded, as barium chloride gives no 
reaction in a hydrochloric acid solution of the soluble 
portion of the rock. 

We have then an isotropic and easily soluble 
soda-bearing mineral in a rock that gives a reaction 
for chlorine, and contains no sulphuric acid — evidence 
that points to the presence of sodalite in this rock. 

Some of the powdered basalt was gently warmed 
in weak hydrochloric acid (one part of acid to ten of 
water) for two hours. The solution was then evaporated 
to dryness, and repeatedly moistened and almost dried 
alternately for two days. Well-formed crystals of 
sodium chloride were then visible. The whole was 
transferred to a glass slide, and the surplus acid 
removed by introducing the edge of a filter-paper. The 
crystals w^re then dried on the slide, moistened 
with turpentine, and mounted in balsam. Plate II., 
Fig. 1, is a micro-photograph^ of the slide. Fig. 2 
shows cubes of NaCl, obtained by etching a square 
inch of surface of polished basalt. The face of 
the slab was just covered with a few drops of strong 

1 These figures may be seen in Vol. XX., Roy. Soc. New South Wales, 1884. 
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hydrochloric acid. This was moistened again with 
acid, as it had gelatinised in three hours. The whole 
was transferred to a glass slide, and, after standing two 
days, was photographed. The figure shows the NaCl 
cubes just as they appeared in the strong acid, x 30 
diameters. 

Analysis of Bondi Basalt. 



Fresh nndecomposed 


Decomi>08ed Basalt 




Basalt. 


filing fissures. 


Silica 


.. 43-50 


42-0 


Alumina. . . 


.. 14-60 


40-2 


Ferric oxide 


5-40 


trace 


Ferrous oxide . . . 


... 8-28 




Lime 


8-70 


nil 


Magnesia 


616 


nil 


Soda 


7-34 


4-4 


Potash 


2-95 


1-6 


Titanic oxide . . . 


•10 




Phosphoric oxide 


trace 




Chromic oxide . . . 


trace 


trace 


Manganese oxide 


trace 




Chlorine 


•37 




Water 


.. 2-50 


1200 




99-90 


100-2 



Specific gravity, 2*94. 

As one would have expected from the preliminary 
examination of the rock, the notable feature of the 
analysis is the large percentage of soda. I have 
already stated my reasons for believing that the rock 
contains sodalite. An analysis of the decomposed 
basalt is also given, where it will be noted that iron, 
lime, and magnesia have been extracted completely 
by natural weathering. 
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Microscopic Structure. 

The general structure of the rock under the 
microscope may be described as micro-porphyritic, 
with practically no traces of flow in the disposition of 
the felspars. The amount of base present is somewhat 
in excess. Much of the latter is isotropic, or so feebly 
double refracting as to be undeterminable. The 
minerals which occur micro-porphyritically in the 
base are, olivine, augite, plagioclase, with aggregates of 
magnetite and sodalite. The olivine crystals are 
abundant on every slide, and only occasionally show 
alteration into serpentine. The large individuals 
are idiomorphic, but rarely perfect; they are for 
he most part broken, and the parts separated. 
Cubes of magnetite are common as inclusions. The 
way wedge-shaped masses penetrate the peculiar 
olivine crystals is really characteristic of all the slices 
made. 

Large olivines are often seen penetrated in this 
way. The larger olivines show a disposition to 
develop in lath-shaped forms rather than in forms 
familiar in basalts. Some of the crystals will occa- 
sionally measure one-twelfth of an inch. 

The augite in the slides is abundant and charac- 
teristic. Idiomorphic crystals can be seen, measuring 
from the one-twenty -fifth to the one-twelfth of an inch. 
They show a warm brown border which fades towards 
the centre of the crystals. A faint pleochroism is 
noticeable, but not in every augite on a slide. 

Plagioclase is not so well defined and distinct as 
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in ordinary types of our Tertiary basalts, neither is it 
so abundant. Perfect lath-shaped crystals are not 
common. There is no difficulty, however, in identify- 
ing them, as they are the first to catch the eye and 
give character to the rock in making a thin slice. 




Fig. 79. — Minerals seen in a slice of Basalt from Bondi, magnified 

60 diameters. 

1. — Olivine Crystal, bent while yet in a plastic condition. 2. — 
Olivine Crystal, with included ^ains of magnetite. 3. — 
Augite, partly attacked by the liquid magma. 4. — Augite 
Crystal, with a line of magnetite inclusions, showing a stage 
in the growth of the crystal. 5. — Augite, showing cleavage 
plates. 

The magnetite can be seen on every slide. It is a 
common inclusion in the olivine and augite, and may 
be seen forming a fringe or line around the faces of 
these minerals. A reddish colouration is sometimes 
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seen in the neighbourhood of the magnetite^ evidently 
due to an incipient alteration of the magnetite. As a 
rule, magnetite is seen in crystals, but also forms 
irregularly-shaped patches. It was one of the first 
minerals crystallized out of the magma. 

Besides occurring in porphyritic forms, the 
minerals named are also found as granules embedded 
in the base. Microliths of apatite can also be found 
in most of the slices, as an inclusion in other minerals. 

Conclusion. 

The basalt occurring as a dyke at Bondi contains 
a high percentage of soda. The soda-bearing mineral 
of the basalt is isotropic and gelatinizes with cold 
hydrochloric acid. As there is chlorine in the rock 
and no sulphuric acid, the mineral is most probably 
sodalite. The hydrochloric acid solution of the rock 
gives abundant cubes of sodium chloride on slowly 
evaporating. Based on the chlorine present, we 
find that there is a surplus of soda, after allowing 
for sodalite and soda felspars. Probably some soda 
exists as a constituent of the residual basis. 

There are two igneous dykes at Bondi, one includ- 
ing the fissures running north and south, a second 
along a line coming seawards from the direction of 
Greenwich. The basalt contains traces of chromium. 

A needle of the basalt is susceptible of permanent 
magnetism, and when swung freely will act as a mag- 
netic needle.^ 

1 From a ]>aper by the author, Roy. Soc. N.S.W., 18M. 
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The most astonisliing feature of these igneous 
dykes is the great depth from which the molten matter 
must have been forced. We usually associate the 
outflow of molten rock with a volcanic orifice or pipe. 
In the case of these dykes^ it is not reasonable to 
suppose that they were filled with basalt from a pipe 
or a number of pipes. Everything points to the fact 
that ^Hhe fissures were rent so profoundly in the crust 
of the earth as to reach down to a reservoir of molten 
rock which straight away rose in them.^' 

It is not easy to decide the total thickness of the 
geological formations that the basalt about Sydney 
welled up through, but approximately we may count 
on the following : — 

Strata Cut by the Dykes near Sydney. 



Wianamatta Shales 
Hawkesbury Sandstone 
Narrabeen Shales 
Upper Coal Measures 
Upper Marine Series 
Lower Marine Series 
Carboniferous . . . 
Older Palaeozoic Rocks, 
Granites 



Serpentines, and 



Feet. 

300 
1,000 
2,000 
2,000 
2,500 
2,000 
5,000 

5,000 



19,800 

The dykes have probably risen through nearly 

fonr miles of stratified rocks and granite, and the 

original reservoir of molten matter was no doubt much 

deeper down in the crust of the earth. 
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There is very little evidence to decide the age of 
these intrusions. They were, of course, injected after 
the consolidation of the sandstones and shales, but 
whether in the Mesozoic or Tertiary times it is not so 
easy to decide. It is not unreasonable to assume that 
these dykes are contemporaneous with the basalts of 
Mount Hay and Mount Tomah, which are believed to 
be Tertiary. 

The Mesozoic period generally was one of volcanic 
quiescence in Australia, and contrasted strongly with 
the Palaeozoic period, in which extensive sheets of 
basalts, diorites, and porphyries were poured out, and 
also with the Tertiary period, during which originated 
lavas of a vast extent. We have representatives of 
these Tertiary lavas on Mount Hay, Mount Tomah, 
on the Bald Hills, Bathurst, and in the great basalt 
flows around Orange and Carcoar. 

Granites. 
Granite may be described as a wholly crystalline 
rock, consisting normally of granules of the minerals 
— quartz, felspar, and mica. Very often hornblende is 
also present. These minerals are already described on 
pages 54 and 55. The question, ^* What is granite?^' 
is suflBciently answered in the same chapter. The 
nearest granite to Sydney is that exposed at the base 
of Mount Victoria, around Hartley Vale, but boulders of 
granite have been found near Penrith, carried down 
into the Nepean from the very heart of the mountains. 
Travelling west by rail, the first granite appears beyond 
Rydal, towards Locksley. South of Sydney the first 
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granite is met at Moruya. The polished columns in 
the General Post Office colonnade are good examples of 
Moruya granite. The felspars are milk-white, and 
contrast well with the dark mica and almost black 
hornblende. The rock is remarkable for the abund- 
ance of black patches^ known as aggregates or inclu- 
sions. These patches are, in some instances, merely 
aggregates of the more basic portions of the rock. In 
other cases they represent portions of other rocks 
caught up while the rock was yet in a plastic condi- 
tion. At Gabo Island we have another granite, but of 
quite a different character. Here the felspars are a 
rich flesh colour, giving a warm tone to the rock. 

Granites present to the geological student many 
points of interest. They are all old, very old rocks. 
They form great basins, in which the sedimentary 
rocks lie cradled. Granite is in fact the solid founda- 
tion on which the upper worid rests. When a series 
of Aqueous rocks are traced downwards, sooner or 
later granite is reached. If we only sink deep enough 
anywhere, we must ultimately come to granite or into 
allied rocks. But what is below granite no man knows. 

One feature characteristic of granite country is 
the great rounded masses of stone that crown the 
highest points. Boulder-like masses are seen piled 
one above the other, and often so delicately poised 
that apparently the least provocation would send 
them crashing from above. Someone has remarked 
that mountain-tops are usually in a fearful state 
of disrepair. Granite peaks are not an exception. 
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One often hears the question asked^ ^^ How did 
these great boulders get up there ?'^ More than once 
the writer has been assured that nothing but an earth- 
quake could do it, my informant seemingly forgetting 
that an earthquake would more probably bring these 
great rocks down than throw them up to their hardly 
stable positions. Popularly, earthquakes have taken 
a firm hold in this direction — a fact worth noting 
when it is borne in mind that the presence of these 
delicately-poised boulders is the very best proof that 
Australia has not for long ages past been subjected to 
any violent earth movements. 

It is interesting, however, to follow the explana- 
tion that geologists give as to the origin of granite 
boulders crowning the summits of mountains. The 
boulders are simply the harder portions of the granite, 
which remain when the softer portions of the rock 
have disintegrated and decomposed. The resulting 
fine materials are removed by rain and running 
water. But it will be asked, '^ Does granite, then, 
decompose so readily?^' No doubt about it. Granite 
seen in polished slabs may appear ^'more lasting than 
brass;" but it is, in truth, liable to disease and decay. 
In many parts of the world vast areas of granite have 
been disintegrated, through a predisposition on the 
part of its felspars to alter into kaolin. The granites 
of Auvergne in Central Prance are examples of this 
seeming mysterious decay, which has been happily 
called by Dolomieu ^' la maladie du granite." 

But we need not go abroad for examples of this 
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description. The granites around Bathurst are decom- 
posed in situ to a depth of 40 to 100 feet. Before the 
present water supply for Bathurst was provided, the 
town depended on wells sunk in this decomposed 
granite. The wells could usually be put down with a 
pick and shovel. The explanation is that the felspars 
of the granite had decomposed, leaving the quartz 
crystals intact, but with their cementing material 
removed. If we can picture a noble building of brick, 
the mortar and binding materials of which have been 
converted into a non-cohering pasty mass, we have the 
condition of granite when the felspathic constituents 
have been decomposed. The Wyalong goldfield is 
another illustration. Here the granite has decom- 
posed to a depth of quite one hundred feet. No 
crystal has been disturbed. The quartzes lie just 
where they were first formed. The mica plates are 
still where they were bom, so to speak. But the 
felspar! It is there too, so altered, however, by 
disease as to be scarcely recognizable, even by those 
benevolent scientists who take a kindly interest in the 
family of the felspars. The optical properties that the 
physicist was so proud to develop give no intelligible 
response to the vibrations of ether. Cleavage faces 
have lost their lustre, and the strong square shoulders 
of the orthoclase are rounded and weakly. Thin 
sections of the mineral show their glassy clearness 
dimmed. The crystals are cloudy, and transmit light 
with difficulty, and the light that does struggle through 
hasitsundulating battalions travelling helter-skelter as 
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they will, no molecular power remaining to order 
'^halt/' ''dress/' or "forward/' The crystals in their 
debility and decay no longer send the pulsating 
ether along by companies and columns, or in single 
file, as was their wont. This is only another way of 
saying that the decomposed felspar crystals cannot 
now polarise light, and have lost their doubly refract- 
ing properties. 

When thin sections of granite are examined with 
the microscope, under high powers, the quartz crystals 
are found to contain liquid cavities. Often a gas 
bubble is seen floating in the imprisoned liquid. 
These bubbles are supposed to be carbon dioxide — ^a 
gas that is particularly active in attacking felspars 
and converting them into kaolin. This gas was 
caught up when the granite was formed, and it is 
thought that the felspars also had their share, but it 
has long since united with some of the elements of 
the felspars, thus weakening their constitution, 
Dolomieu's remark has therefore a great deal of 
truth in it. Granites do suffer from la maladie as he 
surmised, but it was reserved for the petrologist, 
with his microscope, to discover that the disease was 
internal, and it may be added incurable. The sketch 
shown on page 254 is fairly typical of the boulder- 
crowned hills that characterize granite country. It 
may be noted here that these weathered boulders are 
not to be compared with the perched blocks due to 
glacial action. The boulders we are dealing with are 
not transported or carried from a distance, as is the 
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case with ice-borne erratics. The granite boulders 
are identical in composition with the surrounding 
rocks. 

Boulders of disintegration would be a fairly 
descriptive term for these rocks. 

It has been stated above that the granites form 
the lowest rocks in the geological series. That is, they 
underlie all stratified rocks, and if granite does rise 
into, and form mountains, even then it is the founda- 
tion of any sedimentary rocks in that particular 
locality. Reasons have already been given for believ- 
ing that the granite is a newer rock than the Silurian 
slate and Devonian Sandstones. The slates certainly 
rest on the granite, but the granite is, for all that, 
the newer of the two. 

DiORITE. 
Like granite, diorite is a wholly crystalline rock. Its 
intimate structure is shown in Fig. 7 ; and the essen- 
tial minerals that go to make up the rock are felspar 
(plagioclase) and hornblende. Up to the present no 
diorite has been found intruded into the Hawkesbury 
Sandstones, near Sydney, Diorite dykes are common 
enough outside the sandstone area. It is thought for 
this reason that the diorites were erupted before the 
sandstones were formed. Diorite is often called " green- 
stone," a convenient term enough, provided we reserve 
it for diorites and allied rocks. There always seems a 
difficulty with beginners in distinguishing between 
diorite and basalt, although the distinction is not a 
matter of difficulty. The following tabulated state- 
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ment of resemblances and differences may help the 
reader : — 



BASALT. 

Black and blue-black in color. 

A basic rock. 

Bulk for bulk, heavier than 

diorite. 
In origin Volcanic. 

Basalt, although occurring in 
dykes, is most commonly 
found in sheets which 
have flowed from a vol- 
canic vent. 

A hemi-crystalline rock, 
usually with a paste ; 
often a glassy base. 

Essential Minerals : — Plagio- 
clase felspar + augite 
+ olivine. 

Magnetite mostly present. 



DIORITE. 

Greenish black to black in 

colour. 
An intermediate rock 

(mostly). 
Bulk for bulk lighter than 

basalt. 
In origin Plutonic. 

Diorite, although an Igneous 
rock, shows no signs of 
"flow," and did not cool 
on the surface of the 
earth. 

A hole -crystalline rock, no 
paste. 

Essential Minerals ; — Plagio- 
clase felspar + horn- 
blende. 

Magnetite mostly present. 
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CHAPTER XII. 
ORIGIN OF THE MOUNTAINS. 

ORIGIN OP THE BLUE MOUNTAINS — THE MOUNTAINS 
FROM SILURIAN TO TRIASSIC TIMES — THE SCULPTURINQ 
OP THE MOUNTAINS — THE WORK OP RUNNING WATER. 

In looking back through the long ages of geological 
time, the earliest glimpses we get of the area now 
covered by the dividing chain, west of Sydney, is in 
Silurian times. We see a wide expanse of ocean, the 
nearest dry land being probably a pre-Silurian con- 
tinent, remnants of which are found in the McDonell 
Ranges, Yorke's Peninsula, and Tasmania. After the 
deposition of the series of sediments that go to make 
up our Silurian rocks, vast earth movements caused 
the stratified rocks to be thrown into great folds, so 
that beds ten miles long were so compressed as to 
occupy but one half that length. This folding pro- 
duced elevated ridges in the earth's crust, with a 
general north and south trend, and we have here the 
first indication of a mountain region — a condition 
that did not, however, long continue. The Silurian 
sediments are thus the oldest rocks we know of 
on the Dividing Chain. But it must not be taken 
for granted that the present mountains were there- 
fore formed in Silurian times. We date the age of 
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a mountain tract from its latest appearance from 
beneath the sea. Looked at in this way, the Moun- 
tains are, comparatively speaking, modern, for the 
area occupied by them was depressed below the sea 
in Devonian, Permo-Carboniferous and Triassic times. 
There is no evidence that the Blue Mountains 
were under water since Triassic times, and we there- 
fore conclude that the range was upheaved sub- 
sequent to the Triassic period. 

During the deposition of the Devonian sediments 
we had a comparatively shallow sea, with dry land 
covered with a vegetation. About this period, molten 
or semi-plastic granites were slowly eating their way 
upward, and absorbing at the same time much of the 
overlying sediments. 

In Permo-Carboniferous days the area we are 
dealing with was also submerged, but under condi- 
tions alternately fresh-water and marine. The 
physical features were not unlike some parts of the 
earth's surface to-day. The whole area was under- 
going prolonged depression. Volcanic phenomena 
were much in evidence, but none of the present 
mountain peaks stood above the general level. 
During the succeeding Trias or Trias-Jura period, 
no elevatory movements took place. Slow subsidence 
was still in progress, but a great change was impend- 
ing, and the first symptoms of mountain building 
were about to manifest themselves. Through the 
long preceding periods, the materials were accumu- 
lating that go to make the Coal Measures, Sandstones, 
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and Shales. All are now ready; it only needs the 
mighty power that the earth holds pent up within 
her, to come into play, and lift the accumulated 
sediments above the sea. 

We have proceeded far enough by this to dis- 
tinguish three stages in the building of the Blue 
Mountains — 

1. Deposition of the sediments. 

2. Lifting up of the sediments. 

3. The carving and sculpturing of the uplifted 

rocks. 

In a sense the period of the deposition of the 
sediments during the Permo-Carboniferous and Tri- 
assic, was the age in which the building of the 
mountains was really done. But it is equally correct 
to say that, were it not for subsequent upheaval, the 
Mountains would not exist as such. As to the fact 
of the sedimentary strata being lifted up, there is no 
room for doubt — marine beds occurring nearly 3,000 
feet above sea-level — the only room for discussion 
being as to the nature of the upheaval. 

The Blue Mountains as such had no existence in 
Triassic times. At the close of that period a basin 
extended from Mount Lambie to a point at present far 
out to sea. The western half of this basin is new 
elevated, while the eastern half is approximately in its 
original position. There is reason to believe, however, 
that the eastern half was also elevated, but is now 
jigain at sea-level, through a subsequent depression. 
There are objections to be answered, and difficulties to 
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The Hawkesbury Sandstone is not 
more than 100 feet in thickness 
around Mt. Victoria. These 
sandstones are singularly desti- 
tute of organic remains. Grood 
impression of Thinnfddia may 
be found at Mt. Piddington. 

'^'^ The Narrabeen Shales will be 

/^ readily recognised in the cut-- 

tings on the Hartley-road. 
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OlossopteriSf Vertebraria, but no 
Marine fossils. Associated with 
the Kerosene Shale and fine- 
grained sediments with ripple- 
mark. 



The Coal occurring here, 2,900 
feet above sea level, is the 
same which proved by the 
Cremome bore to lie 2,900 feet 
below Sydney. 



The Marine Beds of Bonnie Blink 
abound in fossils such as Pro- 
diLCtvSf Terehratvla, Aphanaia, 
Pecten, Afodiola, Conocardiunif 
Martiniay EuomphcUvs, Platy- 
schismay GonuLaria^ Stenopora, 
Feriestella, Protoretepora, 

Bonnie Blink. 



Granite. 



Fig. 80. — Section showing the succession of stratified rocks, from 
Hartley to the summit of Mt. Victoria, and showing the 
£|eological character of the Blue Mountains generally. 



Digitized by 



Google 



Origin of the Mountains. 297 



be met with, in every attempt to piece together the 
movements that took place in their actual sequence. 
To the writer's mind, the following interpretation is 
most in keeping with observed facts, although there 
are alternative views which future observation may 
render more acceptable. 

During the earlier Tertiary the whole basin was 
elevated to the height of about 1,500 feet. We had 
then a great plateau, watered with rivers of consider- 
able size ; there was a heavy rainfall, and the period 
probably corresponded to the Pluvial period referred 
to by Mr. Wilkinson. It was during this condition of 
things that the great valleys of the mountains were 
carved out by running water. Three or four points 
of volcanic eruption were in activity. A great 
volcano poured out its sheets of lava, remnants of 
which remain on Mounts Hay, King George, Tomah, 
and Wilson. Volcanic fires were also aglow on the 
Canoblas — and at the same time, probably, the rend- 
ing and the fissuring of the strata took place, that 
allowed the ascent of molten rock to form the dykes 
around Sydney. Subsequently another earth move- 
ment began, something in the nature of a fold ; this 
resulted in the depression of the coastal region allow- 
ing the sea to enter the valley of the Hawkesbury 
and the system of mountain gorges that now form the 
harbour of Port Jackson. This movement resulted 
also in a further uplifting of the western points of the 
region west of Penrith. Thus, while one half of the 
basin was depressed, ihe other half was elevated^ the 
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axis of the movement running north and south about 
thirty miles inland from the coast. Evidences of this 
movement can be found at Lapstone Hill, near 
Penrith. But authorities are not agreed as to whether 
a simple fold or a fault exists in that locality. There 
are no two opinions, however, on the fact that the 
country on the mountains proper has been uplifted 
quite 3,000 feet, and that the coastal region has also 
been uplifted and subsequently depressed. 

Mr. Wilkinson was of opinion that the western 
portion of the basin referred to remains at or nearly 
at its original elevation. The central part was 
faulted down, and forms the present coastal region, 
while the eastern portion is depressed beneath the 
oceanic depths of the Pacific. " Port Hacking," he 
wrote, "is over a very deep portion of the coal 
basin. The eastern portion of this basin has been 
apparently faulted and thrown down beneath the 
water of the Pacific Ocean, the precipitous coast, and a 
line about twenty miles east from it, marking approxi- 
mately the lines of dislocation. The deep soundings 
immediately beyond this would seem to favour this 
view, so that here the bed of the ocean probably 
consists of the old land surface which once formed a 
continuation of that upon which the city of Sydney 
now stands, and which has been faulted to a depth of 
over 1200 feet. The length of the faulted area is not 
yet known, but it probably does not extend along the 
coast beyond, if so far as, the north and south limits 
of the Colony. 
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" The abrupt eastern margin of the Blue Mountains, 
up which the Great Western Railway Zig-zag ascends 
at Lapstone Hill, near Emu plains, marks the line of 
a similar though not such an extensive fault, by which 
all the countiy between it and the coast was thrown 
down to its present level — ^the depression being so 
great that the ocean water flowed into the old river 
valleys, one of which forms the beautiful harbour of 
Port Jackson." 

The Sculpturing of the Blue Mountains. 

The variety and charm of the Blue Mountain 
scenery depends primarily on the weathering of the 
rocks and the carving out of the gorges and great 
valleys. These have been ably described by various 
authors, and some of their descriptions will help the 
reader to realise the enormous amount of material 
removed in the sculpturing of these mountains. An 
adequate idea of the enormous amount of wear and tear 
that has taken place is just what one should become 
familiar with ; for, vast as is the work, it must be 
attributed to the very simplest of natural causes. 
Dr. Charles Darwin gives us his impressions as follow : 
"The grand valleys, on the Blue Mountains and 
other sandstone platforms of this part of Australia, 
. . . . which long offered an insuperable obstacle 
to the attempts of the most enterprising colonist to 
reach the interior country, form the most striking 
feature in the geology of New South Wales. They are 
of grand dimensions, and are bordered by continuous 
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lines of lofty cliffs. It is not easy to conceive a more 
magnificent spectacle than is presented to a person 
walking on the summit-plains, when without any 
notice he arrives at the brink of one of these cliffs, 




Fig. 81. — View on the coast near Narrabeen, showing a fold in 

the Narrabeen Shales, caused by expansion of the underlying 

and the surface rocks as the result of weathering. 



which are so perpendicular that he can strike with a 
stone (as I have tried) the trees growing at the depth 
of between 1,000 and 1,500 feet below him ; on both 
hands he sees headland beyond headland of the 
receding line of cliff, and on the opposite side of the 
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valley, often at the distance of several miles, he 
beholds another line rising up to the same height with 
that on which he stands, and formed of the same 
horizontal strata of pale sandstone. The bottoms of 
these valleys are moderately level, and the fall of the 
rivers flowing in them, according to Sir T. Mitchell, is 
gentle. The main valleys often send into the platform 
great bay-like arms, which expand at their upper 
ends ; and on the other hand, the platform often sends 
promontories into the valley, and even leaves in them 
great, almost insulated, masses. So continuous are the 
bounding lines of the clifi^, that to descend into some 
of these valleys, it is necessary to go round twenty 
miles. The first impression from seeing the corre- 
spondence of the horizontal strata, on each side of 
these valleys and great amphitheatre-like depressions, 
is that they have been in chief part hollowed out, like 
other valleys, by aqueous erosion; but when one 
reflects on the enormous amouift of stone which on 
this view must have been removed, in most of the 
above cases through mere gorges or chasms, one 
is led to ask whether these spaces may not have 
subsided."^ 

It will be noted that Darwin suggests that the 
valleys have been formed by subsidence or a sinking 
of the strata — a view that is not supported by more 
recent observers. 

Govett*s Leap is a " tremendous rent or depression 

1 Darwin : ^ Gkological ObseryatioDS,*' 2nd edition, p. 151. Lond., 1876. 
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in the earth, which is said to be the deepest chasm 
with perpendicular cliffs in the known world. It is 
almost surrounded with these cliffs, which are believed 
to be nowhere less than 3,000 feet above the level of 
the sea. The full sublimity and majestic grandeur 
of the scene is not realised at a first glance. After 
contemplating it for a time, the mind becomes filled 
with awe and wonder as it vainly strives to com- 
prehend^ 

* The vast immeasurable abyss. 

Outrageous as a sea, dark, wasteful, wild.' 

The trees in the valley below, although one or two 
hundred feet high, or perhaps more, are undistinguish- 
able in their individuality. Standing on the abrupt 
precipitous wall, one cannot help feeling a strong 
desire to reach the depths of the gorge. But the 
closer one seeks for a spot at which a descent can be 
made, the more certain does it appear that such an 
object is unattainable. It is recorded that Sir 
Thomas Mitchell (formerly Surveyor-General for the 
Colony) endeavoured, first by walking and then by 
crawling between the great fragments of sandstone: 
to ascend the gorge through which the river Grose 
joins the Nepean, but in vain. The scenery is full of 
grandeur, and to add to its beauty there are two 
streams which are precipitated into the mighty chasm, 
and although meeting with no impediment but the 
atmosphere in their descent, they are dissipated into 
mist long before their waters can reach the bottom ; 
and often when the wind is favourable the spray is 
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wafted upwards and along for a considerable distance."^ 
"Some idea," says Sir Thomas Mitchell, " may be 
formed of the intricate character of the mountain 
ravines in the neighbourhood, from the difficulties 
experienced by the surveyors in endeavouring to 
obtain access to Mount Hay. Mr. Dixon, in an unsuc- 
cessful attempt, penetrated to the Valley of the 
Grose, until then unvisited by man, and when he at 
length emerged from the ravines in which he had 
been bewildered four days, he thanked God (to use his 
own words, in an official letter) that he had found his 
way out of them. Even Count Strzelecki tells us, 
that in the course of his researches he was engulphed 
in the endless labyrinth of the almost subterranean 
gullies of Mount Hay, and was unable to extricate 
himself and his men until after days of incessant 
fatigue, danger, and starvation." 

From a geological standpoint, the following des- 
cription by Professor David is an excellent summary 
of the general features of the best known resorts on 
the Mountains : — 

" The plateau of the Blue Mountains proper con- 
sists of a deeply-eroded platform of Hawkesbury 
Sandstone. At the top of the fold at Lapstone Hill 
the platform attains an altitude of about six hundred 
feet above the sea, and from here it rises westwards 
at the rate of about one hundred and sixty feet to the 
mile, its greatest elevation on the portion traversed 

1 Edwin Barton, quoted in Railway Gaide. Ed. 1886, p. 67. The chasm 
described is not by any means the deepest known, and the trees in the valley below 
are ^s a rule less than one hundred feet in height. 
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by the western railway being 3,658 feet at Clarence 
Siding. The plateau rises in conspicuous peaks at 
Mount Tomah 3,276 feet. Mount Wilson, Mount King 
George 3,470. feet, and Mount Hay 3,270 feet. The 
portion of the plateau which has suffered least from 
erosion, with the exception of the peaks just enumerated, 
is the ridge known as the Darling Causeway, which for 
a distance of about thirty miles forms the line of water- 
parting between the tributaries of Cox's River and of 
the Grose River. The course oi the western railway 
line and of the main western road almost exactly follow 
the trend of this causeway. Westwards the plateau 
terminates in sheer precipices of sandstone, from two 
hundred up to nearly one thousand feet in height, of 
which Hassan's Walls may be taken as a type. The 
creeks which drain southerly from this water-parting 
into the Cox, and those which flow northerly to join 
the Grose, within a few miles of their sources plunge 
over sandstone precipices, forming waterfalls of which 
Govett's Leap, Leura Falls, and Wentworth Falls 
may be taken as types. From the bases of these 
waterfalls the creeks find their way among masses of 
densely-wooded talus into more or less wide valleys 
sloping gently eastwards. Traced a few miles further 
east, the rivers formed by the junction of these creeks 
become hemmed in by walls of sandstone, which form 
almost impassable gorges near the spots where the 
rivers break through the monoclinal fold at the eastern 
margin of the plateau."^ 

1 Address to Boy. Soc, N.S.Wn 1896. 
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Fig. 82 — Katoomba Falls, showing the erosion of stratified 
rocks by running wacer. 
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We have now some fair idea of what havoc has 
been made of the upheaved plateau in its old age. We 
have traced its checkered history through long cycles 
of change. Once the bed of an ancient sea, then dry 
land covered with a rich vegetation, of which not a 
species has survived, and again depressed beneath the 
waters. All the time fresh layers were being added to 
the load, that was from its sheer weight sinking into 
the earth's crust. Then the pent-up energy left in the 
globe comes into play, and the sediments are lifted 
high above the sea, and at once the work of destruc- 
tion begins. The separate hills were once a solid 
mass. But Nature sets to work her "agents of 
denudation," and we have left peaks-, crags and clifis, 
wrecks of the great plateau that was. 

What are these agents of denudation ? They 
are wind, rain, frost, heat and cold, streau s and 
rivers. If we study any one of these vast valleys, 
it is hard, indeed, to realise that the materials once 
filling the great gorge at our feet were removed by 
running water. Even so distinguished an observer 
as Sir Archibald Geikie confesses that he is taken 
aback at the amount and extent of the work done by 
running water. Writing of the region of extinct 
volcanoes in Auvergne, he tells us : — 

'* Standing on the plateau of Pradelle, with its 
remnant of a lava-current, and looking down into the 
valley of Villar — ^a deep gorge, excavated by a rivulet 
through that lava-current, and partially choked up by 
a later coulee of lava which the stream is now wearing 
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away — I received a kind of new revelation, so utterly 
above and beyond all my previous conceptions was the 
impression which the sight of this landscape now 
conveyed. The ridge of Pi-adelle is a narrow promon- 
tory of granite, extending eastward from the main 
granitic chain, and cut down on either side, but more 
especially to the south, by a deep ravine. It is capped 
with a cake of columnar basalt, which of course was 
once in a melted state, and, like all lava streams, rolled 
along the ground, ever seeking its lowest levels. A 
first glance is enough to convince us that this basaltic 
cake is a mere fragment, thiit its eastern and southern 
edges have been largely cut away, and that it once 
extended southward across what is now the deep gorge 
of Villar. Since the eruption of the basalt, therefore, 
tlie whole of this gorge has been excavated. But what 
agent could have worked so mighty a change ? We 
bethink us, perhaps, of the sea, and picture the breakers 
working their way steadily inland through the softer 
granite. But this supposition is untenable, for it can 
be shown on good grounds that, since the volcanic 
eruption of this district began, the country has never 
been below the sea. It is with a feeling almost of 
reluctance that we are compelled to admit, in default of 
any other possible explanation, that the erosion of the 
valley has been the work of the stream that seems to 
run in a mere rut at the foot of the slopes. How truly 
astonishing must be the working of such an agent, and 
how immeasurably far into the past does the contem- 
plation of such an operation carry us I . . Looking 
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round upon the valleys and ravines on every side, 
.each traversed by what seemed such an insignifi- 
cant stream, I felt as if a new geological agent 
were for the first time made known to me. Striking 
as are the proofs of erosion in the country of the 
Limagne, they fall far short of these in the Haute-Loire. 
To be actually realized, such a scene must be visited 
in person. No amount of verbal description, not even 
the most careful drawings, will convey a full sense of 
the magnitude of the changes to one who is acquainted 
with only the rivers of a glaciated country such as 
Britain. The first impression received from a land- 
scape like that round Le Puy is rather one of utter 
bewilderment. The upsetting of all one's previous 
estimates of the power of rain and rivers is sudden and 
complete. It is not without an eftbrt, and after having 
analysed the scene feature by feature, that the 
geologist can take it all in. But when he has done so, 
his views of the effects of sub-aerial disintegration 
become permanently altered, and he quits the district 
with a rooted conviction that there is almost no amount 
of waste and erosion of the solid framework of the 
land which may not be brought about in time by 
the combined influences of springs, frost, rain, and 
rivers." 

If we contrast all the wear and tear and destruc- 
tion pictured in the foregoing description with the 
unbroken and solid plateau as it appeared after its 
elevation above the sea, we may well wonder how and 
under what conditions all this ruin has been brought 
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about. Darwin, as we have already stated, supposed 
the valleys were due to subsidence. Other observers 
thought that ocean currents cut out some of the 
depressions while the sandstone was actually forming. 
Popular theories appeal to earthquakes and the 
paroxysmal effect of internal fires. The geologist, 
while a(Jmitting the possibility of such causes to 
do the work, is satisfied that in running water we 
have an agent quite equal to the work — only give 
it time enough. Someone characterised geologists 
as amiable (!) enthusiasts, who are happy if you give 
them plenty of what other men least value, namely, 
past time. For all that, as the science of geology 
becomes more studied, geologists become more insati- 
able for time. To repeat the words of Sir Archibald 
Geikie ; — " There is almost no amount of waste and 
erosion of the solid framework of the land which 
may not be brought about in time by the combined 
influence of springs, frost, rain, and rivers." 

But, perhaps it will bring the matter more home 
to us to take a glance at some of the work done by 
running water in the world around us to-day. Every 
text-book for students of geology deals with the 
subject more or less fully. But for the general 
reader the best epitome of the more striking facts 
is that made by the Rev. H. N. Hutchinson, in his 
book "The Story of the Hills'':— 

"The transporting powers of rivers are truly 
prodigious. Looking at a stream or river after heavy 
rain, we see its waters heavily laden with mud and 
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sand ; but it is difficult to realise from a casual glance 
the vast amount of material that is thus brought 
down to lower levels. If we would trace the sediment 
to its source, we must seek it among the rocks of the 
mountains far away. Step by step, we may trace it 
up along the higher courses of the river, then along 
mountain streams rushing over their rocky beds, 
tumbling in cascades over broken rocks, or leaping in 
waterfalls over high projections of rock, until we 
come to the deep furrows on the sides of mountains, 
along which loose fragments of rock come tumbling 
down with the cascades of water that run along 
these steep channels after heavy rain, leaving at 
the base of the mountain great fan-shaped heaps of 
stones. 

* Oft both slope and hill are torn> 
Where wintry torrents down have borno, 
And heaped upon the cumbered land 
Its wreck of gravel, rocks and sand.' 

" These accumulations are gradually carried away 
by the larger mountain streams, which, in hurrying 
them along, cause a vast amount of wear and tear ; so 
that their comers are worn off, and they get further 
and further reduced in size, becoming merei round 
pebbles lining the bed of the stream, and finally, by 
the time they reach the large slow-moving rivers of 
the plains, are mainly reduced to tiny specks of mud 
or grains of sand. So, then, the rivers and streams 
not only transport sediment, but they manufacture it 
as they go along ; and thus they may be considered as 
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great grinding-mills, where large pieces of stone 
go in at one end, and only fine sand and mud come 
out at the other. 

"A stream moving along at the rate of about half- 
a-mile (880 yards) an hour, which is a slow rate, can 
carry along ordinary sandy soil suspended in a cloud- 
like fashion in the water ; when moving at the rate of 
two- thirds of a mile (about 1,173 yards) an hour, it 
can roll fine gravel along its bed ; but when the rate 
increases to a yard in a second, or a little more than 
two miles an hour, it can sweep along angular stones 
as large as an egg. But streams often flow much 
faster than this, and so do rivers when swollen by 
heavy rain. 

"A rapid torrent often flows at the rate of eighteen 
or twenty miles an hour, and then we may hear the 
stones rattling against each other as they are irresis- 
tibly rolled onward ; and during very heavy floods, 
huge masses of rock as large as a house have been 
known to be moved. 

"These are the two principal ways in which 
streams and rivers act as transporting agents ; they 
carry the finer materials in a suspended state (though 
partly drifting it along their beds); and they push 
the coarser materials, such as gravel, bodily along. 
But there is one other way in which they carry on 
the important work of transportation, which, being 
unseen, might easily escape our notice. Every spring 
is busily employed in bringing up to the surface 
mineral substances which the water has dissolved out 
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of the underground rocks. This invisible material 
finds its way, as the springs do, to the rivers, and so, 
finally, is brought into that great reservoir, the sea. 
Rain and river- water also dissolve a certain amount of 
mineral matter from rocks lying on the surface of the 
earth. Now, the material which is most easily 
dissolved is carbonate of lime. Hence, if you take a 
small quantity of spring or river-water, and boil it 
until the whole is evaporated, you will find that it 
leaves behind a certain amount of deposit. This, when 
analysed by the chemist, proves to be chiefly carbonate 
of lime ; but it also contains minute quantities of other 
minerals, such as common salt, potash, soda, oxide of 
iron, and silica. All these and other minerals are 
found to be present in sea- water. 

"The waters of some of the great rivers of the 
world have been carefully examined at different times, 
in order to form some idea of the amount of solid 
matter which they contain, both dissolved and sus- 
pended ; and the results are extremely important and 
interesting, for they enable us to form definite con- 
clusions with regard to their capacity for transport. 
This subject has been investigated with great skill by 
eminent men of science. The problem is a very com- 
plicated one ; but it is easy to see that if we know 
roughly the number of gallons of water annually 
discharged into the sea by a big river, and the average 
amount of solid matter contained in such a gallon of 
water, we have the means of calculating, by a simple 
process of multiplication, the amount of solid matter 
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annually brought down to the sea by that river. But 
we must also add the amount of sand, gravel, and 
stones pushed along its bed This may be roughly 
estimated and allowed for. These are some of the 
results : — 

"The amount of solid matter discharged every 
year by that great river, the Mississipi, if piled up on 
a Single square mile of the bed of the sea — say, in the 
Gulf of Mexico, where that river discharges itself — 





Fig. 83. — Diagram (after Dana) showing how the contour of hills 
depends on the unequal weathering of harder and softer rocks 
by denudation. 



would make a great square-shaped pile, 268 feet high. 
But the Gulf Stream, sweeping through this gulf, 
carries the materials many and many a mile away; so 
that in course of time it gradually sinks, and spreads 
itself as a fine film or layer over part of the great 
Atlantic Ocean. The mud brought down by the great 
river-Amazon spreads so far into the Atlantic Ocean 
as to discolour the water even at a distance of three 
hundred miles. The Ganges and the Brahmapootra, 
flowing into the Bay of Bengal, discharge every 
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year into that part of the Indian Ocean 6,368,000,000 
cubic feet of solid matter. This material would in one 
year raise a space of fifteen square miles one foot in 
height. The weight of mud, etc., that these rivers 
bring down is sixty times that of the Great Pyramid 
of Egypt, or about six million tons." 

The foregoing facts should prepare even the most 
unsympathetic to calmly consider the views of geolo- 
gists. It is surely most reasonable to explain the 
past by appealing to causes now in operation. It is 
equally unreasonable to call in the aid of catastrophes 
and exceptional conditions to explain what may be 
attributed to causes still in operation around us and 
with which we are familiar. We must, at the same 
time, keep in mind this fact, namely, that the causes 
we see at work at present may have, in the past, 
differed in intensity or in degree, though not in kind 
For instance, it would be quite in keeping with facts 
to suppose that during the sculpturing of the Blue 
Mountains, the rainfall might have been much heavier, 
the rivers larger, and, therefore, the work done much 
more extensive than would be possible under present 
conditions. To explain some particular effects, we 
might even picture to ourselves an exceptional rain- 
fall, and atmospheric and electrical disturbances on a 
magnificent scale, such as has often been observed 
when volcanoes are in activity. But, granting all 
this, the principle is not affected — that the enormous 
ravines of the Blue Mountains are not the direct 
work of earthquakes, earth movements or cataclysm, 
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but the result of running water. Our final quotation 
is from the pen of the late Mr. Charles Wilkinson, 
whose writings, it is to be regretted, were all too few. 
He summed up the whole philosophy of modem 



Fig. 84. — Narrabccn Shales exposed on the Coast 
to the north of Narrabeen. 

geology in relation to the power of rain and rivers 
when he wrote : — 

"The vastness of the depth and extent of the 
precipitous gorges and valleys of the Blue Mountains 
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inspire one with feelings of silent awe and wonder, 
and impress the minds of some persons with the notion 
we hear so frequently expressed, that such enormous 
ravines in the mountains must have required violent 
convulsions in the earth's crust for their formation. 
But if we examine the rocks on all sides of the valley, 
we see no breaks nor signs of violent disturbance 
as suggested. The various beds of rock in horizontal 
strata may be seen to continue uninterruptedly around 
the sides of the valley, and the succeeding layers of 
rock, as we descend one side of the ravine, 
gradually approach the corresponding layers on the 
other side, until at the bottom, in the bed of the 
watercourse, we find that they actually join, which 
they would not do if the sides of the ravine had been 
violently torn asunder. We perceive, therefore, that 
the various out-cropping strata must once have been 
continuous right across the valley or ravine, and that 
they have been removed by some agency without 
disturbance of the underlying beds. What, then, is 
this agency ? Not volcanic fire y but running water. 
Look at the sloping surface of any earth-cuttings or 
embankment? that have been exposed to rain action ; 
see the miniature ranges and intervening valleys that 
the water draining off it has furrowed out. Notice 
the miniature precipices left where the harder earth 
material has resisted the action of the running water ; 
also at the bottom of the embankment, where the 
incline ceases and the water flows gently, how it 
deyjosits in miniature alluvial flats the earth it has 
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scooped out and washed down from above. Now, 
could we look down from a considerable height, and, 
as it were, take a bird*s-eye view of the Blue Mountains, 
exactly similar features would be presented to us as 
we observed in the earth embankment. Wherever 
the soft clay strata of the Coal Measures exist, there 
are sloping surfaces ; where the harder Hawkeabury 
rocks appear, there are cliffs, while the easily dis- 
integrated clay-beds have been washed away, even to 
undermining the over-lying sandstone. The latter 
has resisted, to a great extent, the denuding agencies, 
and been left in projecting masses, which, at last, 
having the supporting soft strata removed, break away 
and roll in great bosses down the sides of the hill^ 
perhaps as far as into the bed of the stream below, a 
perpendicular cliff being left where they broke away, 
from the main mass of rock. It may be objected that 
the effects of the present streams are not sufficiently 
powerful to have worked such changes ; but then it 
must be considered that these forces have been 
operating through an immense period of time ; and, 
moreover, that in the later Tertiary epoch we have 
geological data indicating that this part of the 
Continent was subject to a much heavier rainfall. 
Again, in the earlier Tertiary period a great portion of 
the Continent was covered by the sea. It was 
probably during this later epoch that these, valleys 
first began to be marked out as the sea- water receded ; 
and the subsequent draining off from the land of the 
rainwater gradually scooped out and deepened the 
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drainage channels, till, after a vast lapse of time, they 
were shaped into the valleys as we now see them." * 

Synopsis of the Origin of the Mountains. 

1. The age of a mountain is estimated from the 
geological period in which it was finally lifted from 
beneath the sea. This, of course, does not apply to 
volcanic mountains, but only to mountains of sedi- 
mentary material deposited in the sea, or under some- 
what similar conditions in fresh water. 

2. In Silurian times, a wide stretch of ocean 
covered the region now occupied by the Blue 
Mountains. 

3. The folding of the Silurian sediments probably 
produced the first dry land. Between the deposition 
of the Silurian sediments and the beginning of the 
Devonian, a long period elapsed, during which the 
Silurian rocks were lifted from beneath the sea, 
folded, and then denuded in part. This is expressed 
by saying that there is an unconformability between. 

4. During the Devonian period there was a con- 
siderable area of dry land clothed with vegetation. 
These Devonian rocks were formed, some in fresh 
water and some under marine conditions. An uncon- 
formability also exists between the Devonian and the 
overlying Carboniferous. 



1 From an article contributed to the Bailway Guide (Eidition 1886), by the late 
Mr. Charles Wilkinson, Qoyernment Geologist. 
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5. In Carboniferous times sedimentary rocks 
were deposited away to the North of Newcastle and 
Maitland, and probably much of the Devonian strata 
was removed by erosion and denudation, to supply 
the required materiala The Permo-Carboniferous 
and Carboniferous are also unconformable. 

6. The conditions during the Permo-Carboni- 
ferous age shows the area from Moruya to Port 
Stephens and west to Mount Lambie, as a great plain, 
and in part a morass, well watered and clothed with 
a rich vegetation. Periodic inundations submerged 
large areas at a time. A slow, but continuous subsi- 
dence was in progress, that permitted the accumu- 
lation of the great thickness of the Coal Measures 
and associated rocks. The sea during two prolonged 
periods occupied a great part of the whole of the area, 
giving rise to our Upper and Lower Marine. About 
the close of the Permo-Carboniferous great changes, 
widespread in their effect, took place. This region 
was not again depressed beneath the sea, and prac- 
tically all the animals and plants became extinct, 
giving rise to a totally new fauna and flora.. 

7. The Mesozoic days witnessed the Hawkesbury- 
Wianamatta series being laid down, under physical 
conditions similar to the fresh-water strata of the 
Permo-Carboniferous. The land was still subsiding. 

8. The next step in the building of the mountains 
was the elevation of the whole region, together with 
a wide strip of land at present covered by the waters 
of the Pacific. 
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9. The sculpturing of the mountains now began, 
rain and rivers, heat and cold, doing the work. In 
this way the ravines and gorges were carved out. 
Volcanoes were also in activity on the mountains. 

10. The eastern, or coastal area was subsequently 
depressed. This made it possible for the sea to fill 
the gorges referred to. Sydney Harbour, with its 
many branches and bays, is a system of mountain 
gorges, into which the sea has flowed. The Hawkes- 
bury " River " is a submerged river valley. 

The reader will probably note that mention is 
made neither of a G-lacial Period nor of Pre-Historio 
Man — two subjects that are, perhaps, the most attrac- 
tive in the geological record. With regard to a Glacial 
period, the author is of opinion that no satisfactory 
evidence has been put forward to show that Australia 
participated in a Glacial Period in Tertiary or Post- 
Tertiary times.i 

No chapter of the geological record is read more 
eagerly than that in which we first find some traces 
of man and his works. The added interest of a human 
element gives every new fact a wider and a higher 
significance. But for such facts we look in vain 
throughout Australia. We cannot say what future 
research may bring to light, but our present knowledge 
is summed up in a sentence — Man has no Geological 
History in Australia, 



1 The snbject is diacusaed by tbe author in a paper entitled ** On the Evidence 
(so-called) of Glacier Action on Mount Kosciusko Plateau." Proc. Linnean Soc. of 
N.S.W., 1897, part 4, page 796, plates xxxvii-xxxix. 
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CHAPTER Xni 

PLACES OF GEOLOGICAL INTEREST IN THE 

VICINITY OF SYDNEY AND THE BLUE 

MOUNTAINS. 

PLACES NEAR SYDNEY — KIAMA — NEWCASTLE AND MAIT- 
LAND — THE MOUNTAINS — BATHURST, ORANGE, AND MO- 
LONG. 

A GEOLOGICAL student resident in Sydney may visit, 
without travelling too far, many interesting and 
instructive localities. Good sections of the Wiana- 
matta Shales may be seen in any of the many brick - 
pits at St. Petera Sections of the Hawkesbury Sand- 
stones can be studied almost anywhere along the coast 
from South Head to Botany. Capital examples of 
current bedding can be seen wherever the sandstone is 
exposed, and there is no dearth of exposures, for it has 
been remarked, with truth, that Sydney stands on a 
"wilderness of stone-quarriea" Almost any of the 
quarries are worth a visit. But, perhaps, more can be 
learned at Saunders' Quarries, at the foot of Harris - 
street, than elsewhere. A magnificent bed 40 feet in 
thickness is quarried here. The sandstones rest on 
shales containing fossil plants. A basaltic dyke may 
be noted, cutting up through the sandstones. 
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The basalt is now decomposed into a soft, pasty clay. 
Recognisable specimens of Thinnfddia have been 
found in the thinly-bedded sandstones. 

Recently some portions of the cliff have been cut 
down at Woolloomooloo Bay, close to the stone steps 
that lead down from Victoria Street North. The 
shales removed contain an abundance of Phyllotheca, 
Tkinnfeldia, Uphenopteria, and fossil fish. 

At Bondi, as has been stated previously, several 
basaltic dykes, decomposed to a white clay, may be 
studied. At one point only, on the narrow path 
leading to the base of the cliff through the old quarry, 
can undecomposed basalt be procured. The columnar 
sandstone, well developed here, is being quarried 
at so rapid a rate for road purposes, that the best 
examples will soon be things of the past. Columnar 
sandstone, or traces of columnar sandstone, have also 
been noted near Pymble, at La Perouse, at the quarry 
near the tram terminus. Five Dock, Blakehurst, 
Pyrmont, and on some parts of North Head facing the 
Pacific Ocean. 

A decomposed basaltic dyke is exposed in the 
cutting at the Belmore Railway Station. About a 
mile to the south-west, at Moorefieldsi, a basaltic dyke 
is quarried for road purposes. (See Fig. 15.) The 
locality can be reached in a ten minutes' walk from 
Belmore Railway Station, and can be found by follow- 
ing the Moorefields Road in a southerly direction from 
the Moorefields Public School. 



1 Not to be oonfounded with Hoorefieldij, Eogarah. 
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A dyke, quite twelve feet across, can be seen 
cutting the exposed sandstones on the high ground 
at the eastern end of the old rifle range, Moore Park. 
This, like most of the dykes around Sydney, runs east 
and west. 

The Kensington dyke can be found by taking the 
Bunnerong Road past Kensington, where a quarry on 
the left will be noted. In excavating this quarry the 
dyke was discovered. 

The Pyrmont dyke can be traced travelling in an 
easterly and westerly direction at Saunders' quarriea 
The three principal quarries are named Paradise, 
Purgatory, and Hell Hole. It is in the last-named 
that the igneous dyke occurs. 

At Peakhurst a basaltic dyke crops out not far 
from the Public School. This last is probably a con- 
tinuation of the Moorefields dyke. A railway cutting 
exposes a decomposing basaltic dyke at Beecroft 
(Fig. 11). Mr. Wilkinson drew attention, in 1879, to 
two igneous dykes laid bare in a railway cutting at 
Petersham. At Prospect, close to the Reservoir near 
Parramatta, basalt and dolerite occur in a mass that 
has been intruded into the Wianamatta Shales. 

The dyke at Rookwood may be found by taking 
the Bankstown Road from the Railway Station towards 
Potts Hill reservoir. The quarry showing the basaltic 
dyke will be found close to the road just beyond the 
southern boundary of the Rookwood Park. 

The intrusive mass of basalt forming the Pennant 
Hills quarry is well worth a visit. The quarry is 
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about two miles from Eastwood Railway Station. 
There is an excellent road (about three miles) from 
Parramatta. There is no difficulty in finding the place, 
it being a well-known locality where basalt has been 
quarried for road-making for upwards of fifty years. 
A student may find here good specimens of basalt, 
chromite-bearing altered serpentine, prehnite, calcite, 
barite, and quartzite. 

Decomposed basalt, probably part of a dyke, can 
be seen associated with columnar sandstone in the 
quarry at the tram terminus. Five Dock. Some of the 
most perfect examples of columnar sandstones known 
about Sydney were found here. The bed has been 
used up for road metal, but some good columns are 
preserved in the Technical Museum. 

At Long Reef, between Narrabeen and Manly, the 
Narrabeen Shales appear, rising from beneath the 
Hawkesbury Sandstone. A basaltic dyke cuts through 
the shales near the fore-shore, and, owing to its hard- 
ness, it is seen standing like a dwarf wall above the 
softer shales. Fossil plants are plentiful in these 
shales. Nearer to Manly, at Freshwater, Olean- 
(iridium (Fig. 3) was discovered in the Hawkesbury- 
Wianamatta Series, by Mr. Benj. Dunstan. 

The Narrabeen Shales in the Cliffs on the coast, 
to the north of the entrance of Narrabeen Lagoon, 
give splendid examples of Tkinnfeldia odontop- 
teroides, Danccopsis, sud Phyllotheca Australia, Abun- 
dant ripple marks in the sandstones may also be seen. 

The fossil fish from Gosford were all unearthed in 
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a quarry made for railway purposes close to the iron 
bridge on the Sydney side of the township. 

Travelling south from Sydney, the tourist passes 
from the Hawkesbury Sandstone to the Narrabeen 
Shales. Near Helensburgh we find the Coal Measures 
supporting a vegetation very different to that occurring 
around Sydney. At Clifton the workable coal seams 
rise from below sea level, and continue to rise till, at 
Mount Kembla, they reach nearly to the top of the 
niawarra Range. 

At Kiama, and back- to Eobertson, extensive 
basalt flows occur, showing excellent columnar struc- 
ture in the " blue metal " quarries. (See Fig. 30.) 

At Flagstaff Hill, WoUongong, Upper Marine 
fossils are to be found to the left of the Basin. Large 
examples of Cleobia grandia are not uncommon here. 

At Blackhead, two miles south-east from Gerrin- 
gong Station, abundant Upper Marine fossils occur. 
Fenestella, Protoretepora, Stenopora, Spirifers (very 
abundant), Prodvxitiis, Dielasmay Mceonia, AvicuLo- 
pecten, Ghoenomya, Astartila, Pleuropkorus, Plaiy- 
achiama, Mourlonia, Ooniatites, 

Taking Nowra as a centre, a number of interest- 
ing geological trips can be made in many directions. 
Both Sedimentary and Eruptive rocks can be studied 
in the course of these trips. 

The Sedimentary rocks include : — 

(a) Recent deposits. 

(6) Rocks of the Hawkesbury Series. 

(c) Permo-Carboniferous. 
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(1) BuUi Coal Measures. 

(2) Upper Marine Series. 

(1) Crinoidal beds. 

(2) Nowra grits. 

(4) Wandrawandian sanJstona 
(4) Conjola beds. 
(8) Clyde Coal Measures. 
(d) Silurian slates. 

The Eruptive rocks comprise : — 

(a) Intrusive dykes of dolerite and gabbro. 
(6) Volcanic : — 

(1) Bomba lavas. 

(2) Red tuflfe. 
(d) Kiama lavas. 

Travelling north from Nowra towards Clifton, the 
hills along the road show splendid sections and out- 
crops of the Coal Measures, for the most part capped by 
Hawkesbury Sandstones. Basalt, probably the same 
age as the Kiama rock, occurs about Dapto and Lake 
Illawarra. The BuUi Coal Measures outcrop in the 
Cambewarra Ranges. 

At Saddleback Mountain, to the south-west of 
Kiama, the volcanic rocks are 1,500 feet thick. 
Professor David is of the opinion that " one of the 
sources of these lavas has probably been the conical 
hill which forms an eastern spur of the Saddleback 
Mountain." 

To the north-west of Nowra, on the road to Moss 
Yale, as we ascend the Cambewarra Ranges, a section 
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showing crinoidal beds^ 600 feet in thickness, is 
exposed, belonging to the Upper Marine Series. 

Nowra grits are best studied in a vertical cliS near 
the Nowra foot suspension bridge. Here they attain 
a thickness of 50 feet, but are much thicker between 
the Braidwood Road and the Wandrawandian Bore. 

Where the Nowra to Milton Road crosses Wan- 
drawandian Creek, outcrops of Wandrawandian 
sandstones are well developed. 

On the crest of the hill, opposite Mr. J. Arnold s 
property, near Razorback, on the Southern Road, very 
fine stems of fossil plants occur, and on the descent 
towards Picton, near Mr. Apps' house, good specimens 
of Thinnfeldia may be obtained by careful search 
some of them identical in character with those figured 
by Feistmantel. 

The stone from the railway cuttings on each side 
of Glenl^e bridge yields a large variety of fragmentary 
plant remains, among which are representatives of the 
genera Sphenopteria, Pecopteris, Alethapteria, Thinn- 
fddia/fcBniopteriSy MdcrotoBniopteHs, Sagenopieris (?) 
Equiaetum, Otozcmiites, HymenophyUum, etc. There 
are also two species of Eatheria, and the sheath wings 
of several species of Coleoptera. From a cutting on 
the Narellan-Liverpool Road, about one-and-a-quarter 
miles from the former place, in some of the irons^ne 
bands elytra of Coleoptera are also associated with 
plant remains. At Pass Creek, near the bridge adjacent 
to the water-supply tunnel, Alethopteris and other plant 
remains are obtainable. In the railway cuttings in 
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the neighbourhood of Menangle, fragmentary shells 
occur. At Kenny's Hill, on the Campbelltown-Camden 
Road, plant remains are abundant. At Mount Hanna 
near Glenlee, an interesting intrusion of basalt pierces 
the Wianamatta beds, and a narrow basaltic dyke may 
be traced for some miles through the Camden Park 
Est«»te. Somewhat similar outflows are to be found at 
Bringelly and near Appin. 

At Bundanoon, about two miles to the east of the 
station, the ravine of the Bundanoon Creek exhibits a 
good section of the Wianamatta, Hawkesbury, 
Upper Coal, and Upper Marine Series, in descending 
order. Glossopteris, OangamopteriSy VertebraHa and 
Phyllotheca are abundant in the Coal Measures, and 
SpirifeT,Productu8, Mceonia, FenesteUa and Protore- 
tepora are abundant in the Upper Marine Series. 

At Bowral the great mass of intrusive rock com- 
monly called " trachyte " can be studied. It forms a 
prominent hill close to the town, and is worked exten- 
sively for building stone. Teeth of a Labyrinthodon 
and fish-remains have been found in the shales near 
the railway tunnel, Bowral. The cuttings along 
the line show dykes intruding the Hawkesbury- 
Wianamatta rocks. Basalt occurs also near the tunnel, 
but having no seeming connection with the " trachyte." 
The last named rock shows fine crystals of the glassy 
felspar known as sanidine, so that if the term 
" trachyte " is to be retained, the name sanidine 
trachyte would be appropriate. Petrologists call the 
rock either syenite, or sanidine syenite. 
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" In the railway sections between Penrith and 
Sydney the shales exhibit folding and faulting on a 
small scale, due, I think, rather to an expansion of the 
shales through weathering than to deep-seated dis- 
turbancea This is proved by the fact that these 
folds and faults may be observed to completely 
disappear downwards as they approach the surface of 
the underlying Hawkesbury Sandstone ; they are, in 
fact, what may be termed expansion folds and 
expansion faults. In their upper portions the Wiana- 
matta Shales become arenaceous, and towards Mitta- 
gong assume a chocolate or reddish purple colour, 
which makes them (in hand specimens) almost in- 
distinguishable from the chocolate shales of the 
Narrabeen Beds. Barytes occurs in these shales as 
well as in the Hawkesbury Sandstone.''^ 

From Sydney to Penrith we have the coastal 
plain, on which the Wianamatta Shales can be seen 
almost anywhere. Wells and road-cuttings show 
good sections of these shales, in which fossil plants 
are abundant. Ferns, especially, are plentiful. Some 
wells and shafts at Blacktown have cut through seams 
of coal ten to twelve inches thick. At Penrith we 
enter the region that has rendered the Blue Mountains 
famous. We are on the eastern boundary of the 
great plateau of Hawkesbury Sandstone, standing 
from one to three thousand feet above sea level. 
This plateau is scored by deep and often narrow 
gorges, cutting down through the sandstone and the 

IDayid: Anniyeraary Address. Boyal Society, N.&W. JfSM. 
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underlying Coal Measures almost to sea level. The 
erosion of these gorges may be studied in many places. 
At Mulgoa the Nepean leaves the plain, and cuts its 
way for eight miles through a deep narrow chasm to 
Penrith, being joined in its course by the Warra- 
gamba, the last twenty miles of which lie in a rocky 
ravine, along which hardly a goat path can be found. 
The Burragorang and the Cox Rivers (united they 
form the Warragamba) flow for many miles through 
valleys more or less wide, and of surpassing beauty 
and fruitfulness, though shut in by 1800 feet of sand- 
stone cliffs, to be climbed by a coach only at Burra- 
gorang, or by the horse pass at Wentworth Falls. 
From the Oaks, Picton, or Wentworth Falls, an 
enchanting district of flowing river, placid lake, and 
sentinel cliffs can be easily reached in one day. 
Accommodation may be obtained from the settlers. 
At the foot of the Wentworth Pass there are some 
limestones that have not yet been investigated and 
will repay examination. For bolder spirits the rarely 
trodden guUeys of the Kowmung River afford a 
fitting task. These valleys generally have a granite 
floor, and the surrounding cliffs give admirable 
sections of the Coal Measures, Narrabeen Shales, and 
Hawkesbury Sandstones. 

The upper part of the Cox is easily reached 
from Katoomba through Nellie s Glen. A visit to the 
coal and shale mine will be very interesting. A trip 
can be made along the path from the valley of the 
waters, under the cliffs to the Wentworth Falls 
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Perhaps, however, the grandest view on the Mountains, 
though not the most beautiful, is obtained from 
Perry's Look Down, five miles from Blaekheath on the 
Hat Hill Road. Here you gaze into the deepest part 
of the Grose Valley, with Mount King George opposite 
rising vertically in one sheer ascent of two thousand 
feet or more, from the gorge below to the basalt- 
capped crown above. 

The Jenolan Caves can be visited from Mount 
Victoria, and good sections of the Haweksbury 
Sandstones, Narrabeen Shales, Upper Coal Measures, 
and Silurian slates and claystones can be seen en 
route, 

1. Within easy distance of Mount Victoria the 
student may examine : — 

1. The lenticular clay shale beds of Mount Pid- 

dington, containing Thinnfeldia. 

2. Well developed sections in the various deep 
guUeys around, showing Hawkesbury Sand- 
stone, Narrabeen Shale, and several coal 
seams varying in thickness. 

3. Kerosene shale beds at Sugarloaf, Grose 

Valley, Hartley Vale, with their accompany- 
ing fossils, Olo88opteri8, Brachyphyllum., 
masses of charcoal, etc. 
4 Bainprints and ripple marks in sandstone at 
Fairy Dell. 

5. Ferruginous drips coating ferns, etc., at Boss 

Cave Gulley. 

6. Marine fossils at Bonnie Blink, near Little 
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Hartley, with abundance of Spirifer, Pro- 
ducttbs, GonvZaria, and Fenestdla, etc. 

7. Very interesting beds and bands of ironstone 
are exposed in the railway cuttings at Mount 
Victoria, and better still near Eatoomba. 
The almost parallel and wavy lines are due 
to the alteration of ferrous to ferric iron. (See 
page 116.) 

A few geological trips from Mount Victoria : — 

1. To Bonnie Blink for Upper Marine beds. 

Good road for vehicle. Distance 4 miles. 

2. To Cox River. Granite may be seen in great 

varieties, graphic granite, porphyritic granite, 
etc, also typical diorites and Devonian beda 
Distance 9 miles. The greater part of the 
road is fit for vehiclea 

3. Hai*tley Vale, distance 7 miles along a good 
driving road. Kerosene Shale Mines. 

4. Grose Valley, distance 6 miles, bad driving 

road, coal seams and kerosene shale. 

5. A walk down to the base of the hill. Hartley 

Road. The Hawkesbury and Narrabeen 
beds can be examined, and the Permo-Car- 
boniferous and Granite lower down. 

6. An interesting trip can be made to an igneous 
intrusion in the valley, near Springwood, or 
in another direction to the Devonian beds 
exposed in the railway cutting just beyond 
Bydal, and from there to the summit of 
Mount Lambie, 
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3. The following points may also be noted : — 

1. In the guUey at the back of the church 

Mount Victoria, Hawkesbury Sandstone, 
Narrabeen Shales, chert bands, coal seams, 
etc., may be examined. 

2. At the waterfall. Mount Wilson, basalt is seen 

resting on Hawkesbury Sandstone. 

3. The kerosene mines show some excellent 

examples of " faults " with downthrows of 

from one to twenty feet 
Mr. Rienits, proprietor of "The School," Mount 
Victoria, has prepared a unique section showing the 
structure of Mount Victoria, on a scale of 15 feet to 
the inch. This gentleman has constructed a cabinet, 
the central compartment of which is made up of a 
column, representing in their true position the rocks 
from the granite of Hartley Bridge to the Hawkes- 
bury Sandstone of Mount Piddington. Each bed in 
this column is represented by a slab of stone taken 
from the actual bed itself, and shows every lithological 
variety of shales, sandstones, cherts, conglomerates, 
etc., that are known to exist in the natural sections 
exposed in the Blue Mountain ravines. On either 
side of this column is a series of compartments, 
those at one side being reserved for the fossils 
characteristic of each formation, while on the 
other side are exhibited the minerals, inorganic 
products, etc., of the various beda Mr. Rienits, 
proprietor and head master of "The School/' is, 
with a true scientific spirit, always ready to 
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show this unique and valuable cabinet to visiting 
geologists. 

The cuttings on the great Zig Zig show Hawkes- 
bury Sandstone on the top of the mountain, the choco- 
late shales lower down, and Permo-Carbonif erous clay- 
stones below these again. Some of the shales about 
Lithgow are particularly rich in fossil plants, PhyllO' 
theca and Oloaaopteria in particular. 

Further west the Coal Measures give place to 
Devonian sandstones, which can be studied by walking 
from Rydal Railway Station to the top of Mount 
Lambie. Fossils — Spirifer disjvmcta and Hkyncho- 
neUa pleurodon — are abundant in a sandstone at 
Ferntree Gully. Near Tarana we enter granite 
country, which continues to Newbridge, beyond 
Bathurst. A few hundred yards on the Bathurst side 
of Newbridge platform, a good section of the junction 
of Silurian slate and granite is exposed in a railway 
cutting. Nearer to Bathurst a basaltic capping covers 
the Bald Hills, from Perth to Mount Stewart. 
Columnar basalt occurs also in some quarries at the 
racecourse. Orange. 

The examples of spheroidal weathering of 
granite figured on page 264 can be seen in the 
distance from the railway train just beyond Tarana, 
to the left of the line as one travels from Sydney. 

The following are places of geological interest in 
these districts : — 

1. A good section through Devonian sandstones 
and claystones in a cutting near Rydal. 
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2. Qlossopteris, abundant in the shales at lith- 
gow. 

8. Remarkable weathering of granite immedi- 
ately around Bathurst. The rock is decom- 
posed in situ to a depth of 60 to 100 feet. 

4. Basalt, showing a streaming structure of its 

felspars, capping the Bald Hilla 

5. Junction of slate and granite, near New- 

bridge pUtform. 
S. Contorted slates on the road from George's 
Plains to Cow Flat, and also 'in the hills about 
the old Copper Mines. 

7. Diabase, in a quarry near the R C. Church, 

Blayney, and on the hills around the Annan- 
dale Copper Mine. 

8. Gabbro, around the township of Carcoar. 

9. Spheroidal weathering of granite, on the hill 
above Cowra. 

10. Fossil corals in the limestone at the lime- 
kilns, 18 miles north of Bathurst. 

11. Silurian fossils, abundant Crinoids, Ac, at 
Cave Creek, near Orange. 

12. Fossil corals in limestones, at Molong. 

13. At Molong the limestones may be noted 

dipping west. Six miles to the west of 
Molong they have an easterly dip. 

14. Serpentine, near Lucknow mines, and also at 

Whitney Green. 

15. Basalt, andesite, and slate rocks, Orange- 

German's Hill Road. 
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16. Andesite and rhyolite, on the Canoblas, above 

Ploughman's farm. 

17. Tertiary fossil fruit, under basalt, Forest 

Reefs. 

18. The locality where Hargraves discovered gold, 

at the junction of the Lewis Ponds and 
Summer Hill Creek, can be reached by a 
good road from Orange. 

The Canoblas are all that now remain of an old 
volcano. Volcanic rocks, such as basalt and andesite, 
abound ; and trachyte and rhyolite may be seen, as 
stated, above Ploughman's Farm. 

Nowhere can the Silurian slates be studied better 
than about Orange and Molong. The limestones 
contain fossils in abundance, in the Molong district in 
particular. 

To study the Permo-Carboniferous rocks, the 
student must make Newcastle or Maitland his starting 
point. 

The following places are worth a visit : — 

1. Near the Church of England, at East Mait- 

land, shales with Olossopteris, and also the 
outcrops of a coal seam can be seen. 

2. In the shale overlying the coal at Thomley 
Colliery, splendid specimens of Olossopteris. 

3. At Farley Railway Station, marine fossils. 

The outcrop of the Greta series crosses the 
railway line a very short distance to the east 
of Farley Railway Station. Upper Marine 
fossils can be gathered in the first railway 
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cutting that is met when travelling along the 
line from West Maitland to Farley, and also 
in the quarries in the Walker paddock, 
adjoining the R C. College, West Maitland. 

4. About one mile from Farley, on the Cessnock- 

Road, in the Ravensfield Quarry, Lower 
Marine fossils. 

5. A great anticline has been traced about 

Harper's Hill, a few miles from Lochinvar. 
An intrusion of diorite accompanies the 
anticlinal. 

6. At Black Creek, near Branxton, Upper Marine 

fossils, and the outcrops of coal seams. 

7. A raised beach at Largs, about three miles 

from West Maitland and two miles from East 
Maitland. 

8. An igneous dyke cuts up through the coal 

series, and is splendidly exposed in the cliff 
on the seaward side of Nobbys. 

9. Glossopteris can be found with Sphenopteris 

in loose blocks at base of the cliffs, Nobbys, 
Newcastle. 

10. Upper Marine fossils may be found in a 

quarry on Mr. J. Kennedy's property on the 
West Maitland-East Greta Road, and also in 
a cutting on a road leading from the West 
Maitland-East Greta Road to Mulbring Creek, 

11. Well-preserved Permo- Carboniferous fossils 

may be found in a cutting on the road passing 
across Harper's Hill to Allandale Railway 
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Station, and in a quany on the south side of. 
Harper's Hill. 

12. Raised beach at the riverside below Aber- 

glasslyn House, some four miles fiom West 
Maitland. 

13. Ravensfield is the best locality in which to 

find Conularia, 

14. At the Bow Wow, near Mount Vincent, Upper 

Marine fossils are found in limestone beds. 

15. At " Blair Duguid," some three miles from 

Allandale Railway Station, eruptive rocks 
are well developed. 
On the Hinton-Seaham Road, Rhacopteris beds 
may be seen, exposed in a quarry. 

Note. — A dyke of decomposed basalt cuts through 
Rodd Island, off Leichhardfc, and this should be added 
to the list on page 260. A fine example of a decom- 
posed dyke can be seen on private property at CarrolFs 
Hill, Kogarah. The clay is occasionally used for 
modelling. 
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APPENDIX A. 

The Stones in the Street. 

It would be hard to estimate the number of readers 
who acquired a first taste for geology by reading the Rev. 
Charles Kingsley's " Town Geology." The book was a suc- 
cessful effort to teach geology to townsfolk, by study- 
ing the " stone in the walls, the coal in the fire, the lime in 
the mortar, and the slates on the roof." Subjects akin to 
these have been already treated of in the preceding 
chapters, with reference to the stones used for building and 
other purposes in Sydney. 

1. The sandstone used so extensively in our buildings 
is quarried from certain massive beds of the 
Hawkesbury Sandstone. For all-round building 
purposes it would be hard to surpass this beauti- 
ful freestone. It is easily quarried, easily worked^ 
hardens on exposure, and will stand all reasonable 
wear and tear. In some of our public buildings 
it is noticeable that the massive blocks forming 
the first course show a tendency to scale. This 
the writer attributes to the use of salt water — 
the one thing that the sandstones are not proof 
against — in watering the streets. It will be found, 
also, that it is probably a soluble salt in the stone 
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that is accountable for the tendency of some of 
the sandstone to disintegrate and fret, particu- 
larly under projecting ledges and mouldings. 
Hardly anything has been done experimentally 
to settle the point. Mr. Wilkinson accounted for 
it as follows : — 

" Sydney is built on the Hawkesbury Sandstone, and 
many fine edifices of the city can testify as to the value 
of the stone for building purposes. Some of it, however, 
contains an objectionable quantity of salts. Where this is 
the case the stone weathers, not on the surfaces exposed to 
rain, but on the sheltered or under-surfaces of the cornices 
of buildings. The cause may be easily explained. As the 
moisture in the stone evaporates on coming to the surface, 
the salt held in solution crystallizes therefrom, and, by the 
well-known power which the minute crystals exert when 
forming, they force asunder the grains of sand, and thus by 
degrees slowly disintegrate the rock ; whereas the upper 
surface of the stone is exposed to the rains, which con- 
tinually wash away the salt as it appears, and so prevent 
its crystallization." 

There is hardly a limit to the number of localities 
where good stone may be found. The very 
best stone, however, hitherto quarried, comes 
from the quarries of Mr. Robert Saunders, 
Pyrmont. 

2. The blue metal used for road-making is an andesitic 
basalt, from a volcanic flow of Permo-Carboniferous 
age at Kiama. The same stone is also dressed 
into square blocks for paving. Basalts from 
Pennant Hills and Prospect are also used. 
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8. The basements of some of our large buildings 
are Melbourne "bluestone," a Tertiary basalt 
with a somewhat vesicular structure, imported 
from Victoria. 

4. The so-called trachyte, from Bowral, is now used 

extensively by architects. The best example of 
its application is seen in the Equitable Buildings, 
near the General Post Office, George-street, where 
this beautiful stone is used in the rough, dressed, 
and also polished. 

5. Granite is mostly used in the form of turned and 

polished columns. The Post Office pillars are 
Moruya granite. Gabo Island granite, of a warm 
flesh tint, is very often made use of for pavements, 
and some polished columns of the same material 
are used in the facade of the Lands Office. 

6. Australian marble is not used extensively about 

Sydney, not from lack of the material however, 
but rather on account of the great cost of trans- 
port and skilled labour. No marbles are known 
on the coast, so that the carriage of marble 
from the interior must always remain somewhat 
prohibitive. 

7. Bricks are made from the clays of the Wianaraatta 

Shales, and there is no lack of this material imme- 
diately around Sydney. The shales are a bluish- 
grey colour, the iron present in them being mostly 
in a ferrous condition. Messrs. Bakewell Bros, cou r- 
teously informed me that at their pottery works, 
St. Peters, near Sydney, they manufacture from 
the Wianamatta Shales such a variety of wares as 
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the following: — Tesselated and encaustic tiles, 
Bristol ware, stoneware, buff terra cotta, majolica, 
general earthenware (including bread crocks, filters, 
pudding bowls, baking dishes, tea-pots, jugs, stone 
bottles and sanitary v/are in great variety), enamel 
and common bricks. The supply of shale immediately 
around Sydney is practically inexhaustible. At 
lithgow there are also large pottery works, but there 
the clays used are of Permo-Carboniferous age. 

8. In the suburbs, many of the roads are formed of a 

sandstone hardened by the proximity of basaltic 
dykes. The iron-stained varieties of sandstone, 
containing bands of haomatite and limonite, are 
also much in request, as being more durable than 
the ordinary stone. 

9. Where undecomposed basalt is found, it is invari- 

ably used for road-making. 
10. Specimens of gneiss, with red garnets, can some- 
times be seen on our roads. This is brought in 
as ballast by ships from South Amoiica. 



APPENDIX B. 

Some Additional Notes for Students. 

There are many points concerning the geology of 
Sydney interesting enough to the student, but too technical 
to be discussed at length in a popular work. Garnets,^ for 
instance, have been recognised sparsely distributed through 
the sandstones, but no complete explanation has been 

1 Smith, Roy. Soc., N.S.W., 1894, p. 47. 
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offered as to their occurrence. Small scales of graphite are 
also commonly noticeable in the sandstones, and no satisfac- 
tory explanation has hitherto been given regarding the 
origin of this graphite. The residue left after washing 
a quantity of crushed sandstone is often observed to con- 
tain very minute green stones, not unlike sapphires. The 
true character of these has not been decided. Barite is 
also far from uncommon in the shales, and forms crystals in 
joints in the sandstones. Some explanation is needed as to 
the origin of this barite. 

At Narrabeen, and also neai Rookwood, the sandstones 
and shales become markedly calcareous. No one has fur- 
nished any proof as to whence this calcium carbonate was 
derived. 

It may be useful to indicate a few directions in which 
even a student might do some acceptable original work : — 

1. No map has been yet compiled showing the basaltic 

dykes around Sydney. 

2. More information is needed concerning angular 

blocks of shale occurring in the Hawkesbury- 
Wianamatta Series, and which seem to Mr. Wil- 
kinson to be indicative of Glacial Action in some 
form. 

3. Additional knowledge as to the extent and general 

character of the basalts on the Blue Mountains. 

4. The chemical composition and microscopic struc- 

tures of basalt are subjects hardly touched. 

5. In the Hawkesbury Sandstones we find areas of 

rather coarse and very fine materials, the occur- 
rence of which in juxtaposition needs elucidation. 

6. There is room for much research in determining the 

areas that were denuded to furnish material for 
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the vast thickness of sediments that are enabraced 
within the limits of the Permo-Carboniferous and 
the higher beds of the Hawkesbury-Wianamatta. 
Also, as to the nature of the country denuded. 

7. Are the Wianamatta Shales a distinct " formation? " 

8. Are Shales, corresponding to the uppermost beds of 

the Wianamatta Shales, in lithological as well as 
in palseontological characters, found occurring at 
various horizons in the Hawkesbury-Wianamatta 
Series > 

9. Has the coastal region around Sydney been under 

water at any period since Jurassic times i 

10. Professor David points out that the fault which 

was supposed to exist at Lapstone Hill is a 
monoclinal fold. Information will be acceptable 
as to the extension north or south of this fold or 
fault, as the case may be. 

11. A more fascinating, if more difficult, subject for 

research is opened up by the discussion of, from a 
geological standpoint, the introduction' of existing 
plants and animals to Australia. In fine, any 
evidence as to man having a geological history in 
Australia would arrest the attention of the most 
eminent scientists of the age. 

12. The shales about Sydney are often faulted and 

broken. No very definite information is available 
as to the extent or the causes of this faulting. 
Fig. 81 shows some beds of Narrabeen Shale lifted 
and broken into an anticline, while the under- 
lying strata are undisturbed. The lifting is due 
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to a mass of ironstone that has expanded through 
the alteration of its constitution by chemical 
action. Similar examples are not at all un- 
common, but need closer study. 
13. Finally, the fossils of the Hawkesbury-Wianamatt-a 
Series are rare indeed — so rare that every frag- 
ment preserved well enough for identification is of 
great scientific value. In this direction even a 
beginner may render a lasting service to the 
Republic of Science. 

There are lines of cliff about Manly and other places, 
standing inland, and not now washed by the sea. Does 
this point to an elevation of the land, or to the accumulation 
of sand along their bases ? 

It is probable that the sea recently spread across the 
low-lying land from the Bay to the Ocean Beach, Manly. 
The ground between Bondi and the Harbour was, it is 
possible, also below sea-level in times geologically recent. 
A study of these localities should throw light on the origin 
of the present conditions, and decide whether these are due 
to a change in the level of the land or to the mere accumu- 
lation of blown sand. 

The Hawkesbury River is a " drowned " river valley, 
into which the sea- water flowed subsequent to a depression 
of the land. How is this proved ? Could the valley be 
cut out by the present river, supposing the land to stand at 
its present level ? 

The valley of the Nepean affords splendid material for 
the study of the adjustment of streams to the structure of 
rocks. Traces of old river systems may also be studied on 
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the Mountains, and the more minute study of this region 
will doubtless enable us to trace antecedent and super_ 
imposed rivers. 

The occurrence of copper in some of the shales in the 
lower beds of the Hawkesbury-Wianamatta is a subject 
worthy of further study. 

These are merely a few suggestions placed here to 
show what important questions are open to investigation 
to anyone who has mastered the first principles of the 
science. 



APPENDIX C. 
The Agb op the Earth. 

Geologists rarely take years as units to measure time. 
With the public generally, it is just the opposite. When 
speaking of some geological fact, all at once one hears the 
question: "How long ago?" If people, for instance, become 
interested on learning that the Pennant Hills quarry is an 
ancient point of volcanic eruption, we are immediately 
asked : " How many years ago since all this happened 1" 
Strange as it may appear, the professional geologist seldom 
endeavours to frame an answer to these questions. In the 
study of geology one imperceptibly abandons the idea of 
accepting years as units of geological time. Quite recently, 
however, a geologist of high professional standing (Mr. 
J. G. G<xxlchild) has interested himself in the question. It 
is not possible here to give even an outline of the data on 
which he bases his conclusions ; but, as they are arrived at 
evidently with great care and a wide knowledge of the 
subject, it may be well to give his figures in tabular 
form : — 

1 See note on page 364 in reference to Professor Liversidge's estimate of gold 
in the Hawkesbury Sandstones. 
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Time in Years. 

For the Tertiary Period 93,420,000 

For the formation of the Chalk, Upper Greensand, 

Gault, and lower Greensand 31,400,000 

PreCretaceous Unconformity in Britain 13,200,000 

Time required for the deposition of the Jurassic- 

Wealden Series 59,400,000 

Time represented by the Trias and Permian rocks 87,500,000 
Unconformity at the base of the lower New Red in 

Britain ... .. 45,000,000 

Duration of the Upper Carboniferous Period in 

Britain 31,815.000 

Time required for the formation of 2,500 feet of 

Carboniferous Limestone 62,500,000 

Time represented by the Continental Devonian 

Limestones 125,000,000 

Duration of the period represented by the Silurian 

rocks 50,000,000 

Chronological value of the Unconformity at the 

base of the above 12,000,000 

Time required for the accumulation of the upper 

Ordovician rocks 12,000,000 

For the Lower Ordovician rocks 33,000,000 

For the Upper and Middle Cambrian rocks . . . 36,000,000 
For the Lower Cambrian rocks 6,000,000 



704,235,000 

The time required for the known geological series, or the time 

that has elapsed since life is known to have appeared on the 

earth, is estimated at 704,235,000 years. The age of the earth 

would, of course, be vastly greater. 
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FOSSILS OF SYDNEY 

AND THE 

DISTRICTS AROUND. 



F0EMATI05. 


Name of Fossil. 


Classification. 


f Heliophyllum Ycusense • 


. Coral 




FavoHitesfibroaa, 


-Coral 


Silurian 


Beyrichia primita - 


- Trilobite 




Gyphaspis Bomiingensia - 


-Fish 




^ GyatkophyUum MitcMli - 


-Coral 


r Lepidodendron Australe - 


- Lycopod 




Murchisonia turris - 


- Gasteropocl 


DeYonian 


Pteronitea PiUmani 


- Lamellibranch 




RhynchoiieUa piUurodon - 


- Brachiopod 


^ Spirifer disjuncta - 


- Brachiopod 


' Phyllotheca Australia 


■ "Horse-tail" 




Rhacopteria inaequilatera 


-Fern 


Capboniferoas 


Feneatella ampla 
Spirifer convohUa - 


- Polyzoan 

- Brachiopod 




Platyachiama ocxda 


- Gasteropod 




^ Notomya . - - 


- Lamellibranch 


Phyllotheca AustrcUis 


-"Horse-taU" 




Oloaaopteria - 


-Fern 




Vertebraria 


• Root of Glossopteris 




Productiia brachythcerua • 


- Brachiopod 


Permo- 


Leaia MUchdli 


• Crustacean 


Carboiiiferoas 


Martiniopaia avbradicUa - 


Brachiopod 




Spirifer duodecimcostcUa - 


• Brachiopod 




Eurydeama GardcUa 


Lamellibranch 




AvictUopecten limoiformia 


LamoUibraneh 


^Sanguinditea 


Lamellibranch 






Digitized by GoOQle 



350 



Geoloqt of Sydney. 



( AUthopteria Australis - 


-Fern 




CycadopterU Kolqpendrina 


- Fern 




Eqyiaetum 


-Plant 






-Plant 




Maerotamiopteris - 


• Fern 




OlecmdricUum lentriculi/orme 


Plant 




OtteliaprcBterita - 


Fern 




Phyllotheea - 


. " Howe-taU" 




Sagenopteria mlishuroides 


■ Fern 




SckizoJieura Atutrv^in - 


. " Horse-tail" (?) 




Sphenopteris - . - . 


Fern 




Tceniopteris odontopUroides 


Fern 


MasBic. 


Thinnfddia odorUopteroides 


-Fern 




PecojJteria - - . . 


Fern 




Podozamiles lanceoloUis - 


Cycad 




Cleithrolepis granulatus - 


Fish 




Myinolepia Glarkei - 


Fish 




PcUcBonmtu - - . ■ 


Fish 




Pristisomtu lot lis ' 


Fish 




Labyrinthodont 


Amphibian 




Platyceps WUkmaoni 


Labyrinthodont 




Eatheria Coghlani - 


Crustacean 




7Veman<rfM« Maideni 


Gasteropod 




Unio Dunatani 


Fresh- water bivalve 




^ Unumella Bowralensia - 


Fresh-water bivalve 


»i»t TfiFtlitfv ^ ^^^""^^ '^^'^ ■ ■ 


Gasteropod 


OK loniAfy 


^ Thylacinua - - - . 


Marsupial 
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REFERENCE LIST 



COMMONLY OCCURRING FOSSILS 

POUND IN THH NBIGHBOTTRHOOD OP SYDNEY AND IN EASILY 
ACCESSIBLE LOCALITIES BEYOND THE METROPOLITAN DISTRICTS. 



PALAEOZOIC. 



Genas and 
Speciefi. 



Stratiirraphical Sub- 
division, or Bed. 



Reference. 



Lepidoden 
dron Ar»s- 
trale. 



Genus Lepidodendron. 

Upper Devonian 



Proc. of Linn. Soc. of N.S.W., 
vol. VIII. part 1, p. 121, 2nd 
Series ; Rec. Geol. Survey of 
N. S. W. , vol. III. , p. 194 and 199. 



Loc. : Mt. Lambie, and Carboniferous at Stroud. 



Phyllotheca. 



Genus Phyllotheca. 



Carboniferous, and 
Permo-Carboniferous 



Rec. Geol. Survey of N.S.W., 
vol. IV., p. 149, plates xvii. 
and xviii. 



Loc. 



Newcastle and Bundanoon. 
Plants). 



See also Mesozoic Fossil 



Rhacopteris 
inaBquilatera 



Genus Rhacopteils. 



Carboniferous. 



Loc. 



FeistmanteVs Coal and Plant 
bearing beds of Eastern Aus- 
tralia, 1890, plate vii ; Mon. 
i Dept. of Mines, N.S.W. 

Stroud. 
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Qenas and 
Bpecies. 



Stratiar . 
Subdivision. 



Reference. 



Genus Glossopteris. 



G. angusti- 
folia. 



I^ermo-Carboni- 
ferous. 



Feistmanters Goal and Plant- 
bearing beds of Eastern Aus- 
tralia, 1890; Mon.Dept. Mines, 

N.S.W. 



Loo. : Blackman*s Swamp ; Newcastle Beds. 



G. Brown 
iana. 



Pcrmo-Carboni- 
ferous. 



Feistmantel's Coal and Plant- 
bearing beds of Eastern Aus- 
tralia, 1890; Mon. Dept. Mines, 

N.S.W. 



Loc. : Newcastle ; Jerry's I'lains ; Illawarra District, and 
Buudanoon. 



G. linearis. 



Permo-Carboni- 
fcrous. 



Feistmantel's Coal and Plant- 
l)earing beds of Eastern Aus- 
tralia, lS90;Mon. Dept. Mines, 

N.S.W. 



Loc : Wollongong ; Arowa ; Bowenfels and Newcastle. 



Genus Vertebraria. 

Vertebraria I Upper Coal I Proc. Roy. Soc. of Van Di«- 
Australis. | Measures. | men's Land, 1851. 

Loc. : Newcastle, and at Bundanoon. 

Genus Leaia, 

Leaia Mit-l Upper Coal I Proc. Linn. Soc. of N.S.W., vol. 
chelli I Measures. ! vn., part 2, 2nd series. 

Loc. : Newcastle District. 



Heliophyl- 
lum Yas 



Genus Heliophyllum. 

Silurian. 



Rec. Geol. Survey of N.S.W., 
vol. II., p. 170, plate xii. 



Loc. : Yass, 
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Genus and 
Species. 



Stratigrapbieal Sub- 
din&ion. 



Keferenee. 



Genus Favosites. 

F a V o 8 i tesl Upper Silurian. I De Koninck*8 Atlas of N.S. W. 
fibrosa. | | Palaeozoic Fossils. 

Loc. : Limekilns, near Bathurst, and Upper Temora. 



Cyathophyl- 
lum Mit- 
chelli 



Fenestella 
(Protoreto 
pora)ampla 



Genus Cyathophyllum. 

Siluro-Devonian 



Rec. GeoL Survey of N.8.W., 
voL u.y p. 174, plate xii. 



Loc. : Cave Flat. 

Genus Fenestella. 

Carboniferous. 



Strzelecki's N.S.W. and Van 
Diemen's Land. 



Loc. : Raymond Terrace ; Harper's Hill ; Bundanooq, and 
Black Head. 



Genus BeyricMa. 

B eyrie hi al Bowning Shales jProc. Linn. Soc. of N.S.W., 



primita 



(Silurian.) I 2nd series, vol. v., p. 656. 

Loc. : Kowning. 



Oypfaaspis 
Bowning- 



C. Yassensis; 



Genus Cyphaspis. 



Silurian. 



Proc. Linn. Soc. of N.S.W. , vol. 
VIII., part 2, p. 171, plates vi, 
and VII. 2nd Series. 



Loc. : Bowning. 

Silurian. [Proc. Linn. Soc. of N.S.W., vol. 

I VIII. , part 2, plate i v. 2nd Scries, 

Loc. : Yass, 
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Genus and 
Species. 



Martiniopsis 
subradiata. 



8tntl|rraphical Sab- 
dlTision. 



Reference. 



Genus Maitiniopsis. 



Permo-Garboa- 
iferous. 



Geology and Palsdontology of 
Queensland and New Guinea, 
by Jack and Etheridge, p. 238. 

Log: : Maitland District ; Black Head ; Oambewarra Mts ; 
Jervis Bay. 

Genus Mnrchisonia. 

Murchisoniaj DevoniaQ. (De Koninck's Atlas of N.S.W. 

turns I I Palaeozoic fossils, plate iv. 

Log. : Near Yass. 

Genus Pteronites. 

Pteronitesl Upper Devonian. IRec. Geol. Survey of N.S.W., 
Pittmani I I vol. iv., p. 28, plate vi. 

Loc. : Mt. Lambie. 



Rhynchonel-I 
la pleur- 
odon I 



Spirifera dis-l 
juncta. ' 



Genus Rhynchonella. 

Devonian. |De Koninck*s Atlas of N.S.W. 

Palaeozoic fossils. 



Loc. : Mt. Lambie, and Hartley. 

Genus Spirifera. 

Devonian. 1 Trans. Geol. Soc, 1840, vol. v., 

2nd series. 



Loo. : Mt. Lambie ; Bowenfels ; Sofala ; Capertee ; Hartley ; 
and near Cox's Kiver. 



S. oonvoluta. Devonian and Geology and Palaeontology of 

Carboniferous. Queensland and New Guinea, 

by Jack and Etheridge, p. 229. 

Loc. : Black Head, Ulawarra, and Korinda. 



8. vespertilio 



Devonian and Geology and Palaeontology of 

Carboniferous. Queensland and New Guinea, 

by Jack and Etheridge, p. 228. 

JjOC, : Ulawarra j Raymond Terrace. 
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Genus and 
Species. 



Strati^raphical Sab- 
diTision. 



Keference. 



8. T asm a -I 
niensis. 



Pormo-Carbon- 
iferous. 



I De Koninck's Atlas of N.S.W. 
I Palaeozoic Fossils. 



Loc. : Lewin's Brook ; Raymond Terrace. 



S. duodecim- 
costata. 



Permo-Carbon 
iferous. 



Clarke's South'nGoldfields, 1860, 
p. 287; Rec. Geol. Sur. of 
N. S. W, vol. IV. , p. 34, plate vii. 



Loc. : WoUongong ; Muree, and Bombaderra Creek. 



Aviculopec- 
ten limsefor- 
mis. 



Genus Aviculopecten, 

Upper Palseozoic. 



Strzelecki's N. S. Wales and 
Van Diemen's Land, plate 
xin. 



Loc. : WoUongong and Black Head. 



Genus Euomphalus. 



Platyschisma 
ocula. 



Permo-Carbon- 
iferous. 



De Koninck's Atlas of N.S.W. 
Palaeozoic Fossils, plate 

XXIII. 



Loc. : Harper's Hill, near Newcastle, and Black Head. 



Genus Notomya. 



Notomya. 



Permo-Carbon- 
iferous. 



Proc. Roy. Soc. of Van Die- 
men's Land, 1851; and Clarke's 
Southern Goldfields, 1860. 



Loc. : WoUongong and Black Head, Illawarra District. 



Genus SangoinoUtes. 

Sanguinolitesl Permo-Carbon- I De Koninck's Atlas of N.S.W. 
Etheridgei.| iferous. | Palaeozoic Fossils. 

Loc. : WoUongong. 
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Oenus nd I StxmtigraphicAl Sub- I 
SpfidM. j diyision. I 



Eeferenoe. 



Genus Prodactus. 



Produotus I Perroo-Garbon- 
brachythsB- iferous. 

ru8« 



DeKoninck's Atlas of N.S.W. 
PalsBozoic Fossils. 



Loo. : Raymond's Terrace. 



Genus Eurydesma. 

Eurydesma j Permo-Carbon- I Strzelecki's N. S. Wales and 
oordata. | iferous. I Van Diemen's Land. 

Loc. : Illawarra ; and Arthur's HiU. 



MESOZOIC. 



Genus Alethopteris. 



Alethopteris I Mesozoic. 
Australia. J 



McCoy's Palaeontology of Vic- 
toria. 



Loc. : Narrabeen Shales ; Clarence River, and Ballimore, 
near Dubbo. 



Cycadopteris 
scolopen- 
drina. 



Equisetum. 



Genus Cycadopteris. 



Wianamatta Shales 
(Triassic). 



Rec. Geol. Survey of N.S.W., 
vol I., p. 146, plate xxiii; Proc. 
Linn. Soc. of N.S.W., 2nd 
series, vol. 1. 



Loc. : Alexandria, near Sydney. 



Genus Eqaisetam. 



Hawkesbury 
Sandstone. 



Proc. Linn. Soc. of N.S.W., 
2nd series, vol. v., part 3. 



Loc. : North Shore, Sydney. 
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Genus and 
Species. 



Stratigraphical SnW 
diyislon. 



Reference. 



Jeanpaulia 
palmata 
(Baiera). 



Genus Jeanpaulia (Baiera). 



Hawkesbury- 

Wianamatta 

Series. 



Johnston, Geol. of Tasmania, 
plate XXVII ; Proc. Linn. Soc. of 
N.S.W., vol. I. (2nd series), 
plate XVII. 



Loo. : St. Peters ; Nanabeen. 

Genus Macrotseniopteris. 

Macrotseni- Triassic. Feistmantel's Coal and Plant- 

opteris. bearing Beds of Eastern Aus- 

tralia, 1890 ; Mon. Dept. of 
Mines. 

Loc. : Shales around Sydney ; near Bowral ; Kenny's Hill ; at 
Mt. Victoria ; and Fairlight, near Manly. 



Genus Oleandridium. 



Oleandri 
dium lentri- 
culiforme. 



Triassic. 



Rec. Geol. Survey of N.S.W., 
vol. IV., p. 49. 



Loc. : Crosford, and at Freshwater, near Manly. 



Genus Ottelia. 



Proc. Roy. Soc. N.S.W., 1879, 
p. 95 (plate). 



Ottelia prse- Hawkesbury 

terita. Sandstone 

(Triassic). 

Loc. : Near Sydney, and in Sandstone near Campbelltown. 



Genus Phyllotheca. 

Phyllotheca. Hawkesbury Proc. Linn. Soc. of N.S.W., 2nd 

Sandstone series, voLi. 

(Triassic). Rec. Geol. Survey of N.S.W., 

vol. IV., p. 33. 

Loc. : Shales around Sydney ; Blacktown ; Manly ; Narrabeen ; 
near Gosford, and in Cremorno Bore, near Sydney. 
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GenuB and 
Species. 



Stratigrsphioal Sub- i 
divition. 



Reference. 



Sagenopteris 
8 a 1 i 8 b u- 
roides (?). 



Genus Sagenopteris. 



Narrabeen Beds 
(Triassic). 



Rec. Geol. Survey of N.S.W., 
vol, IV., plate VII., figs. 2 & 3. 



Loc. : Narrabeen Series. 



Schizoneura 
Australia. 



Genus Schizoneura, 

Triassic. 



Rec. Geol. Survey of N.S.W., 
vol. III., p. 74, piate xiii., vol. 
IV., and p. 32, plate vn. 



Loc : Cremorne Bore ; BuUi, above Coal Meatfures. 



Genus Sphenopteris, 

Triassio. 



Sphenopteris I 

Loc. : Newcastle, and Shales, Woolloomooloo Bay, 



Strzelecki's N.S.W. and Van 
Diemen's Land, 1845, p. 246. 



Genus Taeniopteris. 



Taeniopt«ris | Hawkesbury — 
odontopte-lWianamatta Series, 
roides. | (Triassio). 



Quart. Jour. Geol. Soc, vol. 
XXVII., plate xxvii. 



Loc. : Narrabeen, near Sydney ; Talbragar, north of Gulgong ; 
Tranffie, near Dubbo ; Gilgandra, north of Dubbo ; West of 
the Darling, below Cretaceous rocks. 



Genus Thinnfeldia. 



Thinnfeldia 
o d o n t op 
teroides. 



Hawkesbury- 

Wianamatta Series, 

(Triassic). 



Feistmant^l's Coal and Plant- 
bearing Beds of Eastern Aus- 
tralia, 1890; Mon. Dept. of 
Mines. 



Loc. : Mt. Victoria ; Clarke's Hill, near Cobbitty ; Waterloo ; in 
the Sandstones around Sydney ; Wianamatta Shales ; Narra- 
been, and St. Peters. 
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Genus and 
Species. 



Stratigraphical Sub- 
division. 



Reference. 



Pecopteris. 



Podozamites 
lanceolatis 



Genus Pecopteris. 



Hawkesbury- 

Wianamatta 

Series. 



Quart. Jour. Geol. Soc., 1872, 
vol. XXVIII., p. 355. 



Loc. : Clarke's Hill, near Cobbitty. 



Genus Podozamites- 



Triassic. 



Feistmantel's Fossil 

Flora of Eastern Australia, 1890; 

Mon. Dept. Mines, N.S.W. 



Loc. : Woolloomooloo Bay ; South Creek, and Talbragar. 



Genus Cleithrolepis. 



C. granulatus 



Triassic. 



Proc. Linn. Soc. of N.S. W., 2nd 

Series, vol. i. 
Woodward's Fossil Fishes of the 



Hawkesbury Series at Gosford; 
M on. Dept. Mines, N. S. W. , 1890. 

Loc. : St. Peters ; near Gosford, and Cockatoo Island. 



My r iol e p is Triassic 
Clarkei. 



Genus Myriolepis. 

Woodward's Fossil Fishes of the 
Hawkesbury Series at Gosford ; 



Hawkesbury beries at Gosford ; 
Mon. Dept. Mines, N . S. W. , 1890! 

Loc. : Near Gosford 



Genus PalBBoniscus. 

Palseoniscus. I Hawkesbury Sand-IProc. Linn. Soc. of N.S.W., 2nd 
I stone (Triassic.) | Series, vol. i. 

Loc. : Near Gosford, Parsonage Hill (near Pariamatta), and St. Peters. 



Genus Pristisomus. 



Pristisomus | Triassic. 
latus. 



Woodward's Fossil Fishes of 
Hawkesbury Series at Gosford; 
Mon. Dept. of Mines, N.S.W., 
1890. 



Loc. : Near Gosford ; Bowral, and St. Peters, 
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Genas and 
Speelm. 



Stratigrsphical Sab- 
diyiiion. 



Reference. 



Labyrintho 
dont. 



Genus Labyrinthodont. 

Triassic. I Proc. Linn. Soc. of N.S.W., 

' I 2nd series, vol. i. 

Loc. : fiiloela ; Port Jackson, and St. Peters. 



Platy ceps 



Genus Platyceps. 

Hawkesbury Proc. Linn. Soc. of N.S.W., 

Sandstone 2nd series, vol. i. 

(Triassie). 

Loc. : Near Gosford. 



Genus Estheila. 

Estheria Hawkesbury — Etheridge's Invertebrate Fauna 

Coghlani. Wianamatta of the Hawkesbury — Wiana- 

Series (Triassic). matta Series ; Men. Dept. 
Mines, N.S.W., 1888. 

Loc : Diamond-drill Bore, Moore Park ; Shales at Surry Hills, and 
Dent's Creek, George's River. 



Genus Tremanotus. 

Tremanotusi Hawkesbury — I Ann. Bep. Dept. of Mines, for 
Maideni. | Wianamatta Series. I 1886. 

Loc. : Biloela, Sydney. 



Unio Dun- 
stani. 



Genus Unio. 



Triassic. 



Loc. : Bowral, and St. Peters. 



Etheridge's Invertebrate Fauna 
of the Hawkesbury — Wiana- 
matta series ; Mon. Dept. 
Mines, N.S.W., 1888. 



Unionella 
Bowralensis 



Genus Unionella. 



Triassic. 



Etheridge's Invertebrate Fauna 
of the Hawkesbury — Wiana- 
matta Series ; Mon. Dept. 
Mines, N.S.W., 1888. 



Loc. : Bowral, and St. Peters. 
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Genus aud 
Species. 



Stratigraphical Sub- 
division. 



Reference. 



CAINOZOIC. 



Genus Siphonalia. 

Siphonalial Post Tertiary. I Rec. Geol. Survey of N,S.W., 
maxima. I | vol. ii. , p. 49. 

Loc. : Newcastle. 



Gemis Thylacinus. 

Post Tertiary. 



Thylacinus. 

Loc. : Jenolan Caves, and at Bone Cave, Cave Flat. 



Rec. Geol. Survey of N.S.W., 
vol. in., p. 44. 
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Clarke. Sedimentary Fqrmations of New South Wales. Sydney, 1878. 

Clarke. A fossil pine forest on Lake Macquarie {Ann. Rep. Dept. 
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paper, page 266. In his "Notes on the Geology of New South Wales" (Sydney 
Grovernmeiit Printer, 1887), Mr. Wilkinson writes : " The Eev. J. Milne Ourran was the 
tlrst to point out, in a paper read before the Linnean Society in April, 1885, that the 
Clarence formation .... was stratigraphically older than the Hawkesbury." In the 
paper referred to by Mr. Wilkinson, the following was the order decided ou by the 
present writer for the coal-bearing beds of New South Wales : — 

1.— Hawkesbury Sandstone (series). 

2.— Clarence River Series. 

3.— Ballioiore Series, near Dubbo. 

4.— Newcastle Upper Coal Measures, 
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In the last-named paper, Professor Liversidge, of the University of Sydney, has 
shown that some of the ferruginous red beds in the Hawkesbury Sandstones con- 
tain gold in varying quantities, from three to nine pennyweights per ton. Some 
deep red samples from the Wianamatta Shales also g^ve something over three 
pennyweights to the ton. The ordinary building stone, 'however, contains, as a 
rule, no gold. 
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GLOSSARY. 



Acro^ens (Gr. akros,^ highest ; genfiao, I produce). Plants 
wliich increase in height by additions made to the 
summit of the stem by the union of the bases of the 
leaves. 

Actinozoa (Gr. aktis, gen. aktinos, a ray; and zoim an 
animal). That division of the Coelenterata of which the 
sea anemones may be taken as the type. 

Ajnostus (Gr. a, not; gignosko, I know). A genus of 
Trilobites. 

Alethopteris (Gr. alethes^ true ; pteris, a fern). A genus of 
ferns. 

A1^8B (Lat. alga, a marine plant). The order of plants 
comprising the seaweeds and many fresh-water plants. 

Amphibia (Gr. amphi, both; bios^ life.) Animals like the 
frogs and newts, which have gills when young, but 
can always breathe when adult. 

An^iosperms (Gr. angeiony a vessel ; speitna, a seed). 
Plants which have their seeds enclosed in a seed-vessel. 

Annularia (Lat. anmUt^y a ring). A genus of Palaeozoic 
plants, with leaves in whorls. 

Aqueous (Lat. aqiM, water). Formed in or by water. 



1 The Greek ib=Engli8h c, aiid the Greek u=Eiigli8h y. 
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Arenaoeoas (Lat arena, sand). Sandy, or composed of 
grains of sand. 

Argillaoeoas (Lat. a/rgiUa, clay). Clayey. 

Artioalata (Lat. <vrtictdu8y a little joint). A division of 
the animal kingdom, comprising Insects and Crusta- 
ceans, characterised. by the possession of jointed bodies 
or jointed limbs. The term Arthropoda (Gr. arthron, 
a joint ; pous, gen. podoSy a foot,) is now more usually 
employed. 

Asteroid (Gr. aster^ a star; and eidos, form). Star-shaped, 
or possessing radiating lobes or rays like a star-fish. 

Asterophyllites (Gr. aster , a star ; phuMoriy a leaf). A 
genus of Palaeozoic plants, with leaves in whorls. 

Athyris (Gr. a, without ; thuriSf a door). A genus of 
Brachiopods. 

Atrypa (Gr. a, without ; trupa, a hole). A genus of 
Brachiopods. 

Aa jite. (Gr. atige, brightness), a mineral ; a silicate of 
magnesia, lime and iron; usually green or dark green 
in colour. 

Avicula (Lat., amculusy a little bird). The genus of Bivalve 
Molluscs comprising the Pearl-oysters. 

Azoic (Gr. a, without ; zoe, life). Destitute of traces of 
living beings. 

Barytes (Gr. hartusy heavy). Barium Sulphate, 

Basalt. A rock of igneous origin, dark in colour and 
compact in structure, composed chiefly of a felspar, 
augite, olivine, and some magnetite. 
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Batrachia (Gr. batrachos, a frog). Often loosely applied 
to any of the Amphibia, but sometimes restricted to 
the order embracing frogs and toads. 

BiTalve (Lat. bis, twice ; valvce, folding-doors). Composed 
of two plates or valves ; applied to the shell of the 
Lamellibranchiata and Brachiopoda, and to the canv- 
pace of certain Crustacea. 

Braohiopoda (Gr. hrachion, an arm ; pous, a foot). A 
class of the MoUuscoida, often called " Lamp-shells," 
characterised by possessing two fleshy arms, continued 
from the sides of the mouth. The Terebratula of 
Sydney Harbour is an example. 

Branchia (Gr. branchion, the gill of a fish). The respiratory 
organs, called gills, adapted to breathe air dissolved in 
water. 

Breooia (It. breccia, a crumb). Angular, irregular, not 
water- worn fragments. 

BronteuB (Gr. h'ontey thunder — an epithet of Jupiter the 
Thunderer). A genus of Trilobites. 

Calamites (Lat. calamus, a reed). Extinct plants with 
reed-like stems, believed to be gigantic representatives 
of the Equisetaceae. 

GalcareouB (Lat. calx, lime). Composed of carbonate of 
limo. 

Galymene (Gr. hdummene, concealed). A genus of Trilo- 
bites. 

Caudal (Lat. cavda, the tail). Belonging to the tail. 

Cainozoio {Gv.' hainos, recent; zoe, life). The Tertiary 
period in Geology, comprising those formations in 
which the organic remains approximate more or less 
closely to the existing fauna and flora. 
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Centrum (Gr. kentroriy the point round which a circle is 
described by a pair of compasses). The central portion 
or "body" of a vertebra. 

Cephalio (Gr. kephale^ head). Belonging to the head. 

Cephalopoda (Gr. kephale ; and podes, feet). A' class of 
the Mollusca, comprising the Cuttle-fishes and their 
allies, in which there is a series of arras ranged round 
the head. 

CeratoduB (Gr. keras, a horn ; ocUms, a tooth). A genus of 
Dipnous fishes. 

CheirotheFium (Gr. cheiry a hand ; therion, a beast). The 
generic name applied originally to the hand-shaped 
foot-prints of Ijabyrinthodonts. 

Chert. DilFering from fiint in being a rather less pure 
form of silica and having a flatter fracture. 

Clastic (Gr. Jdastos, broken). Fragmentary, non-crystalline. 

Coleoptera (Gr. koleos, a sheath ; pteron, wing). The 
order of Insects (Beetles) in which the anterior pair of 
wings are hardened, and serve as protective cases for 
the posterior pair of membranous wings. 

Condyle (Gr. kondulos, a knuckle). The surface by which 
one bone articulates with another. Applied especially 
to the articular surface or surfaces by which the skull 
articulates with the vertebral column. 

Conglomerate. Cemented and hardened gravel. 

ConiferSB (Lat conus, a cone ; fero, I bear). The order of 
the Firs, Pines, and their allies, in which the fruit is 
generally a " cone." 

Contorted (Lat. contorqueo^ I twist together). Applied 
to rocks deformed by pressure. 
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Coprolites (Gr. koprosy dung ; lithos, a stone). Properly 
applied to the fossilised excrements of animals ; but 
often employed to designate phosphatic concretions 
which are not of this nature. 

Cretaoeous (Lat. creta, chalk). The group of rocks which 
in Europe contains white chalk as one of its most con- 
spicuous members. Chalk is not known to occur in 
Australian cretaceous rocks. 

Crustacea (Lab. crusta, a crust). A class of Articulate 
animals, comprising Crabs, Lobsters, &c., character- 
ised by the possession of a hard shell or crust, which 
they cast periodically. 

Cryptogams (Gr. kruptos^ concealed; gamos^ marriage). 
A division of plants, in which the organs of reproduc- 
tion are obscure. They have no true flowers. 

Ctenoid (Gr. kteia, gen. ktenos, a comb ; eulos, form). 
Applied to those scales of fishes, the hinder margins 
of which are fringed with spines or comb-like pro- 
jections. 

Cycloid (Gr. kuklos, a circle : eidos, form). Applied to 
those scales of fishes which have a regularly circular 
or elliptical outline with an even margin. 

Deinosaoria (Gr. deinos, terrible ; saura^ a lizard). An 
extinct order of reptiles. 

Denudation (Lat. denudo, I lay bare). Wearing down 
of rocks. 

Diatomaoess (Gr. diatemnoy I sever.) An order of minute 
plants which form siliceous envelopes. 

Diorite. A rock of igneous origin, and made up of two 
minerals, namely, a triclinic felspar and hornblende, 
felted together without a " paste." Accessory minerals 
are often present, such as quartz or mica. Quartz 

T 
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diorite and quartz-mica^iorite are varieties of typical 
diorite. 

Diprotodon (Gr. dis, twice; protos, first; odotiSy gen. 
odontos, a tooth). A genus of extinct marsupials, of 
gigantic size, that flourished in Australia in Pliocene 
times 

Dolerite (Gr. doleros^ deceptive). A coarse-grained 
variety of Basalt. 

Dolomite (named after M. Dolomieu). Magnesian Lime- 
stone. 

Dorsal (Lat. dorsuniy the back). Connected with or 
placed upon the back. 

Dyke. An injected mass of rock. 

Eohinodermata (Gr. echinos, the hedgehog ; and dermoj 
skin). A class of animals comprising the Sea-urchins, 
Star-fishes, and others, most of which have spiny skins. 

Elasmobranohii (Gr. dasma, a plate ; hranchion, a gill). 
An order of fishes, including the Sharks and Rays. 

Eocene (Gr. eo«, dawn ; kaitios^ recent). The lowest 
division of the Tertiary rocks, in which species of exist- 
ing shells are, to a small extent, represented. 

Equisetaoese (Lat. equus^ a horse ; seta^ bristle). A group 
of Cryptogamous plants, commonly known as " Horse- 
tails." 

FaTOSites {LAt,favu8^ a honeycomb). A gee us of Paleo- 
zoic Tabulate Corals. 

Felspar. A group of minerals differing somewhat in form 
and composition. All are silicates of alumnia ; some 
contain potash, others soda, others lime or lime 
nnd soda. 
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Felstone. A rock of igneous origin, compact in structure, 
often chemically identical with granite, but not show- 
ing the holo-crystalline structure of granite. 

Fenestellidse (Lat. fenestella, a little window). The 
" Lace-corals," a group of Palaeozoic Polyzoans. 

Flora (Lat. Flora^ the goddess of flowers). The general 
assemblage of the plants of any region or district. 

Foliation (LaX, folium^ a leaf). Splitting into layers. 

Gabbro. A rock, not unlike coarse-grained basalt, and 
usually containing a special variety of augite, which 
has a " platy " structure. 

Ganoid (Gr. ganos, splendour, brightness). Applied to 
those scales or plates which are composed of an inferior 
layer of true bones, covered by a superior layer of 
polished enamel. 

Garnet. A very varied group of minerals, the commonest 
being wine-red ; they are all silicates of alumnia, and 
among other possible constituents are iron, magnesia, 
lime, and manganese. Some red garnets are valued as 
gems. 

Gasteropoda (Gr. gaster, stomach; potcs, a foot). 
The class of Mollusca comprising the ordinary 
Univalves, in which locomotion is usually effected by 
a muscular expansion of the under surface of the 
body (the "foot"). 

Gneiss. A rock composed of the same minerals as granite, 
but exhibiting a certain bedded or leaf-like arrano-e- 
ment of its constituent minerals, called foliation. 

Granite. A rock of igneous origin, composed of ciystaUine 
constituents, the principal being quartz, felspar, and 
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Graphite (Gr. grapho, I write). Mineral carbon. (The 
familiar " blacklead " is graphite). 

Graptolitidse (Gr. grapho, I write ; lithos^ a stone). An 
extinct sub-class of the Hydrozoa. 

Gymnosperms (Gr. giimnos^ naked ; sperma, a seed). The 
Conifers and Cycads, in which the seed is not protected 
within a seed-vessel. 

Haematite (Gr. haima, blood). Sesqui-oxide of iron ; has 
a red streak. 

Heterocercal (Gr. heteros, diverse ; kerkos, a tail). Applied 
to the tail of Fishes when it is unsymmetrical, or com- 
posed of two unequal lobes. 

Hornblende. A mineral which is silicate of magnesia, lime 
and iron; usually green or dark in colour; chemically 
identical with, but mineralogically distinct from augite. 

lohthyosauria (Gr. icJuhus, a fish ; saura, a lizard). An 
extinct order of Reptiles. 

Iguanodon {Iguana^ a living lizard ; Gr. ocUmSj a tooth). 
A genus of Deinosaurian Reptiles. 

Invertebrata (Lat. in, without; vertebra^ a bone of the back) 
Animals without a spinal column or backbone. 

Labyrinthodontia (Gr. lahvritUhoa, a labyrinth ; odous, 
a tooth). An extinct order of Amphibia, so called from 
the complex microscopic structure of the teeth. 

Lepidodendron (Gr. Upia, gen. lepidos, a scale ; dendran, 
a tree). A genus of extinct plants, so named from the 
scale-like scars upon the stem, left by the falling oft 
of the leaves. 

LepidostrobuB (Gr. ^i«, a scale ; strobilos, a fir-cone). A 
genus founded on the cones of Lepidodendron. 
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Limestone. Ordinary calcium carbonate. 

Magnetite. Magnetic iron ore. (Fe 3O4). 

Marble. A rock formed, properly speaking, wholly, or 
almost wholly, of crystalline carbonate of lime, differ- 
ing from ordinary limestone in being crystalline with a 
texture often resembling loaf-sugar. Popularly, the 
word is often extended to include any limestone which 
will take a polish. 

MaFBUpialia (Lat. marsupium^ a pouch). An order of 
Mammals in which the females have with few excep- 
tions an abdominal pouch in which the young are 
carried. 

Mastodon (Gr. mastos, a nipple ; odous^ a tooth). An 
extinct genus of elephantine mammals. 

Mesozoic (Gr. mesos, middle ; zoe, life). The Secondary 
or middle period in Geology. 

Mica. A group of minerals of "platy" habit, with a 
metallic lustre ; some light, some dark in colour. 

Hicrolestes (Gr. mikros, little ; lestes, a thief). An extinct 
genus of Triassic mammals. 

Miocene (Gr. mdon, less ; kainos, new). The middle 
Tertiary period, in which recent or living species of 
moUusca were less in number than species now extinct. 

Mollusoa (Lat. mollis^ soft). The sub-kingdom which in- 
cludes the shell-fish proper, the Polyzoa, the Tunicata, 
and the lamp-shells ; so called from the generally soft 
nature of their bodies. 

Nenroptera (Gr. neuron^ a nerve; pteron, a wing). An 
order of Insects characterised by four membranous 
wings with numerous reticulated nervures (c.^., Dragon- 
flies). 
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Oli^OOene (Or. oligos, few ; kainos, new). A name used 
by many Continental geologists as synonymous with 
the Lower Miocene. 

OliYine. A mineral ; a magnesium and iron silicate. 

PalSBaster (Or. pcUaioSf ancient ; aster, a star). An 
extinct genus of Star-fishes. 

PalSBOntolo^y (Gr. palaioa, ancient ; orUa, living things, 
logos, discourse). The science of fossil remains or of 
extinct organized beings. 

PalSBOZoio (Crr. palaios, ancient; zoe, life). Applied 
to the oldest of the great geological epochs. 

Peoopteris (Gr. peko, I comb ; pteris, a fern). An extinct 
genus of fern. 

Peoten (Lat. a comb). The genus of bivalve molluscs 
comprising the Scallops. 

Pentamems (Gr, pente, five; meros, a part or division). 
An extinct genus of Brachiopods, with septa dividing 
the shell into five chambers. 

Phaoops (Gr. phakos, a lentil ; ops, the eye). A genus of 
Trilobites. 

Phanerogams (Gr. phaneros, visible ; games, marriage). 
Plants which have the organs of reproduction con- 
spicuous, and which bear true flowers. 

Phyllotheca. (Gr. phullon, a leaf ; theke, a box). Species 
of Horsetail. For description see Text — pages 167 and 
171. 

Placoid (Gr. plax, a plate ; eidos, form). Applied to the 
irregular bony plates, grains, or spines, which are found 
in the skin of various fishes (Elasmobranchii). 
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PlagriOClase (Or. plagiosj slanting; JdastoSy broken). A 
felspar with the planes of cleavage not at right angles 
to each other. 

Pleistocene (Gr. pleistos^ most ; kainosj new). Often used 
as synonymous with " Post-Pliocene." 

Pliocene (Gr. pleion, more; kainos, new). The later 
Tertiary period, in which recent or living species of mol- 
lusca were more numerous than the forms now extinct. 

Polype (Gr. poliiSf many ; potis, a foot). Restricted to the 
single individual of a simple Actinozoon, such as a 
sea anemone, or to the separate zpoids of a compounded 
Actinozoon. Often applied indiscriminately to any of 
the Coelenterata, or even to the Polyzoa. 

Polyzoa (Gr. poZws, many ; and zooUy an animal). A 
division of the Molluscoida comprising compound 
animals, such as the Sea-mat, sometimes called Bryozoa. 

Producta (Lat. productxis, drawn out or extended). An 
extinct genus of Brachiopods in which the shell is 
" eared," or has its lateral angles drawn out. 

Pumice* A volcanic rock full of cavities formed by steam, 
commonly more nearly related to trachyte than to 
basalt. 

Pyrites (Gr. pwr, fire). Sulphides of iron and copper. 

Quartz. The crystalline form of silica (oxide of silicon). 

Reptilia (Lat. repo^ I crawl). The classes of the Verte- 
brata comprising the . tortoises, snakes, . lizards, 
crocodiles, &c. 

Rhynchonella (Gr. rhunchosy the nose or beak). A genus 
of Brachiopods. 

Sand dunes* Sand-drifts usually formed along the coast. 
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SftUria (Or. aaura, a lizard). Any lizard-like reptile is 
often spoken of as a "Saurian," but the term is some- 
times restricted to the Crocodiles alone, or to the 
Crocodiles and Lacertilians. 

Schist. (Gr. schizo, I cleave). A crystalline foliated rock. 
When the name of a mineral is prefixed, this indicates 
that the mineral is abundant in the schist. 

Sohizoneara. A fossil plant, see Text — ^page 172. 

Septa. Partitions. 

Si^illariods (Lat. sigiUum, a little seal). A group of ex- 
tinct plants, of which Sigillaria is the type, so called 
from the seal-like markings on the bark. 

Sphenopteris (Gr. aphen, a wedge ; pteris, a fern). An 
extinct genus of fern. 

Spirifera (Lat. spira, a spire or coil ; ferOy I carry). An 
extinct genus of Brachiopods, with large spiral sup- 
ports for the " arms." 

Spongida (Gr. spongos, a sponge). The division of Proto- 
zoa commonly known as sponges. 

Stalactites (Gr. stalasso, I drop). Icicle-like masses and 
deposits of calcium carbonate hanging from the roofs 
of caverns in limestone. 

Stalagmite (Gr. atalagma^ a drop). A mass of calcium 
carbonate rising from cavern floor. 

Stigmaria (Gr. stigma, a mark made with a pointed 
instrument). A genus founded on the roots of various 
species of Sigillaria. 

Syringopora (Gr. surinx^ gen. sv/ringoa, a pipe ; poros, a 
pore). A genus of Tabulate Corals, 
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Terebratula (Lat. terehratus, bored or pierced). A genus 
of Brachiopoda, so called in allusion to the perforated 
beak of the ventral valve. 

Thylaooleo (Gr. thulakos, a pouch ; leon, a lion). An ex- 
tinct genus of marsupials. 

Traohyte (Gr. trachusj rough). An igneous rock, break- 
ing with a rough surface, and composed chiefly of 
glassy felspar. 

TraYertilie. A rock composed of carbonate of lime precipi- 
tated from water, practically indentical with tufa. 

Tri^onia (Gr. treis, three ; gonia^ angle). A genus of 
bivalve molluscs. 

Trilobita (Gr. treis^ three ; lohos^ a lobe). An extinct 
order of Crustaceans. 

Tuff. A term used in this work to indicate the less coarse 
and more distinctly bedded kinds of volcanic ash. 

Tafa. A precipitate of carbonate of lime from water. 

UniYalYe (Lat. unvs^ one ; valvce, folding-doors). A shell 
composed of a single piece or valve. 

Yentral (Lat. venter, the stomach). Relating to the in- 
ferior surface of the body. 

Yertebra (Lat. vertebra, a bone of the back, from vetere, 
to turn.) One of the bony segments of the vertebral 
column or backbone. 

Vertebraria. A peculiar genus of fossil plants hitherto 
known with certainty only from India and Australia. 
Jt^robably roots of GJos^opceris. Common in the 

Permo-Carboniferous beds, Newcastle. 

Yertebrata. The division of the animal kingdom roughly 
characterised by the possession of a backbone. 
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Students about to begin the study of Geology are often at a loss 
where to look for specimens. When possible, every student should 
make his own collection. But, whether specimens are collected or 
purchased, the study of Geology, without actually handling the more 
commou rocks and minerals, is waste of time. Twenty-foui* speci- 
mens, named and numbered, may be had from the publishers, 
Messrs. Angus and Robertson, in two small boxes, price 15s. Mr. 
D. Murfin, lapidary, 256 Pitt-street (top floor), prepares thin sections 
of rocks for the microscope, and deals in minerals, rocks, and the 
apparatus generally required for the study. His rock slices are 
quite equal to those prepared at home. A mounted rock slice costs 
from one shilling to one shilling and sixpence to cut. 
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GlypeaMer^ 84. 
Coal, 78, 80, 101, 110, 123, 134, 

234, 
Coal at Blacktown, 166. 
Coal-bearing Beds, 83, 131, 133, 

163, 176. 
Coal Cliff, Shales at, 183. 
Coal, Composition of, 75. 
Coal Fossils, Australian, 165. 
Coal Measures, 91, 101, 108, 110, 
163, 166, 170, 
172, 176, 179, 
189, 192, 193, 
202, 206, 209, 
285, 294. 
„ Fossils of, 165, 

198, 205. 
Coal Mine, Description of a, 196. 
Coal under Sydney, 210. 
Cobar District, 83, 215. 
Coccolepis, 85. 
Cockatoo Island, Fossils from, 

126, 127, 134. 
Coke, Natural, 253. 
Columnar Basalt, 335. 

,, ,, Kiama, 185. 

Cclumbdla^ 84. 
Columnar Sandstone, 127, 258, 

274,260. 
Concentric Weathering of Gran- 
ite, 243. 
Conglomerate, 72, 78-80, 104. 
Conifers, 167, 158, 162, 176. 
Conocardium, 296. 
Convlariay 85, 296. 
Cooma, 75, 119. 
Coprolites, 147. 
Coonamble, Artesian Water at, 

163. 
Coral, Composition of, 66. 
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Corala 202, 219, 223, 225, 227, 
228, 230, 233, 245, 249- 
251. 
„ Fossil, 84, 92, 144, 178. 
Coral Reefs, 223, 227. 
CordaUes, 215. 
Cox River, 94, 212, 241, 242, 

243, 331. 
Cow Flat, 79. 336. 
Cowra, 79, 336. 
Cremorne Bore, 110, 172, 296. 
Cretaceous Rocks, 82, 83, 85, 89, 

90, 93, 103, 129, 147, 163. 

189. 
Cretaceous Sea. 189. 
Crinoids, 69, 76, 202, 176. 
Cross-stratification, 104, 105, 

267. 
Crust, Instability of, 29-82. 
Crystalline Rocks, 124. 
Crystalline Structure, 253. 
CyathophyUum, 85, 225, 353. 
Cycadopteris, 85, 165, 172, 356. 
Cycads, 167, 158, 165, 166. 
Cyphaspis, 85, 353. 
CyproMf 84. 

DancBopsiSt 172. 

Dapto, 327. 

Darling Causeway, 304. 

Darwin quoted, 299. 

David „ 109, 303. 

Dempsey Series, 176. 

DenUUium^ 84. 

Denudation, 94, 115, 116, 180, 

188, 217, 224, 230, 243, 244, 

274. 
Deposition, 114, 123. 
Desert Sandstone of Queensland, 

90. 
Devonian, Occurrence of, 211. 

„ Origin of the term, 
211. 

„ Rocks, 82, 83, 84, 85, 
89, 91, 333, 835. 
Diabase at Blayney, 336. 
Diatomaceous Rocks, 80. 
Dictyopteridece, 164, 169. 
DidymograptuSf 85. 
DineauSf 85. 
Dinosaurs, 149. 



Diorite, 63, 78, 79, 291, 333. 
Dip, 217. 

„ Angle of, 217. 
Diplomystus, 103. 
Diprotodm, 42, 84, 95. 
Dolerite, 78, 255. 
Dolichometopu8y 85. 
Dolomites, 80. 
Drift Theory. 198. 
Dromomis, 84. 
Dubbo, 114, 160, 163, 166. 

„ Artesian Water at, 163. 
Dunes, 113. 
Dykes, 78, 253, 260-261, 339. 

Earth. Age of the, 347. 
Earthquakes, 31, 288. 
Echidna^ 84. 

Elevation of the land, 92. 
Encrinites, Fossil, 219, 223, 227- 

228, 245. 
Encrinite, Structure of, 229. 
England in Triassic Time^ 190. 
Eocene Rocks, 83, 84, 89, 90, 96. 
Eqmaetum. 85, 170, 171, 175, 356. 
Erosion, 109, 232, 301, 304. 
Erratics, ice borne, 291. 
Eruptive Rocks, 255, 256. 
Estheria, 85, 133. 
Etheridge, jun., quoted, 192. 
Euomphalus, 85, 197, 296, 355. 
Eurydesma, 85, 176, 356. 

Fagus, 84. 

False bedding, 105, 108. 
Farley, 337. 
Faults, 298, 299. 
Fauna of Triassic Age, 133. 
Favosites, 85, 353. 
Felsite, 215, 241. 
Felspar, 52, 53, 271, 278, 279, 
286, 289, 292. 

„ in Basalt, 62, 271. 

,, in Granite, 62. 

,, Porphyry, 245. 

„ To distinguish from 
quartz, 53. 
Feneatella, 86, 296, 353. 
Fire Clay, 123. 

Five Dock, Basalt at, 260, 323, 
325. 
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Five Dock, Prismatic Sandstone 

at, 261. 
Flagstones, 78, 80, 216, 219, 264. 
FUnt, 62, 78, 80. 
Folded Strata, 217, 218, 246. 
Forest Reefs, 337. 

„ Submerged, 94. 
Forests of Carboniferous Age,131 . 

„ Triassic, 158. 
Formations, Sedimentary, 84. 
Fossil, Definition of a, 39. 

„ fish from Grosford, 99, 

105, 135, 203. 
„ in Sandstone, 113, 126, 

131. 
„ in Shales, 129. 
„ footprints, 41, 130, 131, 
142, 143, 145, 161. 
Fossils, Aid to Geology, 41. 
„ are Nature's heirogly- 

phics, 48, 86. 
,, Characteristic, 40, 84- 

86,89. 
,, Evidence of life in past 

times, 46. 
, , from Lake Mulligan, 42. 
„ from St. Peters, 17. 
„ Land of Living, 102. 
,, Mode of Preservation, 

42, 132. 
„ of Sydney, 349. 
„ of Triassic Age, 126, 
129-131, 134, 136, 137, 
139, 140, 161, 164, 
155, 158, 160. 
„ Plants, 196. 
,. Plants, Classification, 

154, 168. 
„ Plants, Description^ 161- 

173, 176. 
„ Teeth as, 18, 102, 130, 
131. 
Freestone, 105. 
Freshwater Limestones, 75. 
Frog Lizards, 129. 

„ Reptiles, 139. 
Fulgurites, 93. 
Fusus, 84. 

Gabbro, 79, 256, 336. 

Gabo Iskbnd, Granite of, 287. 



GaiigamopteriSy 86. 

Ganoids* Fossil, 129, 131, 132. 

Garnet Rock, 242. 

Garnets, 343. 

Geikie on Denudation, 307. 

Genoa River, Rocks at, 215. 

Ginkgo, 86. 

Ginkin, Basalt at, 246. 

Glacial Action, 290, 344. 

Glenlee, 328. 

Glo88opteri8, 40, 86, 91, 165, 164, 

165, 176, 179, 192, 196, 209, 

296,362. 
Gold in Sandstones 364 
Grorges on Blue Mountains, 299, 

301, 302, .304. 
Gosford, 99, 129, 131, 134. 
Govett's Leap, 301, 304. 
Grand Archway, Anticline near, 

245 246. 

Granite,' 78, 79, 82, 108, 199, 

212, 215, 241, 243, 

252, 264, 286-288, 200, 

291, 294, 296, 342. 

„ Appearance in the field, 

„ Archsen, 204. 

„ Boulders of, 94, 243, 288, 

290-291. 
„ Characters of, 62. 
,, Decomposition of, 288, 

289. 
„ Definition of, 63. 
„ Graphic, 241. 
,, Structure of, 264. 
,, Summarised, 70. 
„ Texture of, 63, 64. 
„ Wells in decomposed, 
289. 
Graphite, 80, 343. 
Graptolites, 85, 178. 
Great Barrier Reef, 223, 233. 

„ Dismal Swamp, 199, 206. 
Greenwich, Dyke at, 260, 274, 

284. 
Grits, 91, 104, 114, 241. 

„ Silurian, 204. 
Grose, Gorge of the River, 302, 
303, 304. 
„ Valley, 332 
Gypsum, 66, 78, 80, 189. 
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Hamatite, 56, 110, 242. 

„ brown, 67. 

Hakea, 84. 

HalysUea, 85, 228, 244. 
Harper's Hill, 193, 197, 338. 
Hartley, Dyke at, 242. 

Granite at, 241, 286. 
„ Rocks at, 296. 
Vale, 332. 
Hassan's Walls, 304. 
Hawkesbury River, 297. 

„ Sandstone, 52-54, 

56, 83, 89, 90, 95, 
98, 101, 104, 108, 
110,113,116,117, 
126,127,129,134, 
154, 158, 160, 170, 
181,182,217,241, 
247,253,262,267, 
272,285,291,294, 
296, 303. 
,, Sandstone contains 

beds of Haema- 
tite, 56. 
„ Wianamatta, 101, 

108, 129, 146, 154 
172, 187. 
,, Wianamatta Rocks, 

when deposited, 
189. 
Hay, Mount, 304. 
„ Mount, Basalt at, 78, 89, 
252, 256, 286, 297. 
Ravines at Mount, 303. 
Heather, a lycopod, 167. 
Hdiophyllum, 85, 225. 
Hills, Carving of the, 242. 
Himalayas, Age of, 17. 
Horizon, Geological, 109, 110. 
Hornblende, 264, 287, 291, 
292. 
,, in Granite, 63, 284. 

„ properties tabu- 

lated, 55. 
Hornfels, 79. 
Horsetails, 166. 
Human Bones and implements, 

Fossil, 84, 94. 
HtUtonia, 171. 
Hylaeoaaur, 149. 
Hymenocaris, 85. 



Ice-borne Erratics, 291. 

Iceland Spar, 55. 

Icthyosawnia, 85, 129, 147, 148, 

151, 152. 
Igneous Dyke, 338. 

„ Rocks, 7J, 76, 77, 252- 

254. 
,, Rocks, how known, 253. 
,, „ origin of, 255. 

Iguanodorif 149. 

Illawarra Coal-bearing Beds, 91. 
Inchman's Creek, Fold at, 246. 

„ ,, Fossils at, 245. 

Inclination Angle, 217. 
InoceramuSj 85. 
Intermediate Rocks, 255. 
Ipswich Beds, 90, 164, 173. 
Iron, 109. 116-118, 120, 124. 
„ in Shales, 109. 
,, Minerals, Comparison of, 

57. 
,, Pyrites, 56. 
„ Rust, 117, 119, 124. 
Ironstone, 80, 117-120, 123. 

, , Bands in Hawkesbury 

Sandstone, 56. 
„ Beds, Origin of, 116. 
,, due to Chemical re- 
actions, 72. 

Jackson, Port, Sand Hills at, 93. 

„ Shark, 102. 
Jasper, 62, 117. 
Jenolan Caves, 216, 239, 332. 

,, ,, Diorites near, 79. 

,, ,, Limestone at, 79. 

83, 223. 

,, „ Marble at, 79. 

„ „ Plan of, 240. 

„ „ Slates at, 79,221. 

Jurassic fossils, 149. 

„ Rocks, 82, 83, 85, 90. 

KaoUn, 62, 79, 288, 290. 
Katoomba, View at, 207. 
Kenny's Hill, 329. 
Kensington, Basalt at, 260. 

„ Sand Hills at, 93. 

Kerosene Shales, 196, 242, 296. 
Kiama, Blow-Hole at, 230. 
y, Columnar Basalt at, 185. 
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Kiama, Volcanic action at, 205, 

206. 
Kimberley, Sandstone and grits 

at, 91. 
King George, Mount, 304, 332. 
„ „ » Basalt at, 

78, 89, 297. 
Kosciusko, Basalt at, 76. 

Labyrinthodont, 18, 125-139, 
141-144, 146, 147, 160, 
151, 159, 189, 211, 215, 217, 
219, 220, 223, 224, 227, 228, 
230, 234-238, 242, 245, 246, 
249, 250. 
Lagoon, 290. 

Lambie, Mount, 209, 211, 214, 
295, 333. 
„ „ Fossils from, 

212, 213. 
„ ,, Quartzite at, 

79, 213. 

,, ,, Sandstone, 83, 

89, 91. 
Lane Cove, Basaltic Dyke, 261. 
La Perouse, 261, 323. 
Lapstone Hill, 245, 298, 299, 303. 

„ ,, Monocline, 109. 

Lavas, 78, 184, 188, 205, 206, 

252, 256, 286, 297. 
Leaia, 85, 326. 
Lepidodendrm, 85, 176, 192, 196, 

201, 213, 214. 
Leptaenaf 85. 
I/eptolepis, 85. 
Leura Falls, 304. 
Liassic Fossils, 148, 161. 
Lignite, 80, 176, 194, 195. 
Lime, 56, 219, 220, 250, 251. 
Limekilns, 79. 

Limestone, 66, 66, 69, 74, 75, 78, 
79, 80, 83. 
„ at Bungonia, 75. 

„ Coral, 223. 

,, Chemically formed, 

223,227. 
„ Creek (Vic.) Rocks 

of, 90. 
,, mechanically formed^ 

227. 
,, near Cooma, 75. 



Limestone, Nummulite, 224. 
„ Oolite, 90. 

„ Organic Origin of, 

223, 227. 
„ Solution of, 313. 

Limonite, 57, 110,242. 
lAmopsis, 84. 
Lingula, 85. 

Lithgow, Coal-bearing Beds at, 
83, 91, 192, 193. 
„ Shales at, 183. 
Loam, 80. 
Locksley, 79, 286. 
Long Bay, Basalt at, 259, 260, 
264. 
,, Deposits at, 94. 

Long Reef, 182, 325. 
„ „ Basalt at, 259, 262, 

272. 
,, „ Sketch Section, 181. 
Louther, Diorite at, 242. 
Loveniaj 84. 

Lower Marine Beds, 176, 202, 
285. 
„ Mesozoic Fossils, 149, 

151. 
,, Tertiary Rocks, 97. 
Loxonema, 85. 
Lycopods, 157, 166, 168, 171, 

Maccoydla, 85. 

Macquarie, Silting up of, 114, 

115. 
Macropus, 84. 
Macroscopic Examination of 

Basalt, 252, 277. 
Macrotceniopteria, 18, 25, 40, 86, 

160, 162, 172. 
Macrozamiaf 166. 
M(ictra, 86. 
Magma, 271, 283, 284. 
Magnetic Properties of Basalt, 

277. 
Magnetite, 56, 184, 282- 284, 

292. 
Maitland, 337. 

McUadie du OranUe, 288, 290. 
Man, Geological history of, 345. 
Manly Cliffs, 346. 

„ Hawkesbury Sandstone, 
246, 267. 
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Manly, Prismatic Sandstone at, 
261. 
„ Sandstones, 104. 
Mantell, Dr., quoted, 235. 
Marble, 78, 79, 117, 220, 236, 

246, 342. 
Marine Action, 115. 

„ Beds, 83,90, 92,96, 176, 

202. 
,, Beds at Arumpo, 83. 
, . Beds, Lower (see Lower 

Marine Beds). 
„ Beds, Upper (see Upper 
Marine Beds). 
Maroubra Bay, Basalt at, 259, 
260, 264, 265. 
„ „ Weathering of 
Sandstone, 271. 
Martinia, 296. 
Martiniopsis, 85, 254. 
Mastodansaurus, 19, 85, 139, 1 10, 

142-143. 
McKeown's Creek, 245, 246. 
MegcUania, 84. 
MegcUoaauTf 149, 150. 
Meiolania, 84. 

Melbourne " bluestone," 342. 
Meriveri Pass, Bondi, 273. 
Mesozoic Beds of Europe, 165. 
,, Period contrasted with 

Palaeozoic, 284. 
„ Crinoids, 230. 
,, Beds in Sydney, 187. 
„ Plants, 112, 167, 180. 
,, Plant, a characteristic, 

162. 
„ Rocks, 83-85, 90, 134, 
144, 145, 149, 151, 
157, 176. 
„ „ Lower, of Clar- 

ence River, 90, 
163. 
Metamorphic Rocks, 71, 77, 91. 
Metamorphosed Slate, 243. 
Mica, 53, 55, 286, 287. 289. 
Micro-porphyritic Structure, 

282. 
Microscopic Rock -slice, to Make, 
266-270. 

„ Structure of Basalt, 
252, 282. 



Microsorum irioides*, 165. 
Mineral, Definition of a, 51. 
Miocene Rocks, 83, 84, 89, 90, 

96. 
Mitchell, Sir Thomas, quoted, 

303. 
MUra, 84. 
Modiola, 296. 

Molonc, 79, 83, 244, 336, 337. 
Monocline, 109, 297, 298, 304. 
Moorefields Dyke, Canterbury, 

59, 258. 
Moore Park, Boring, 182. 

„ „ Dyke, 261. 
Morass, Picture of an Ancient, 

126. 
Moruya Granite, 199, 287. 
Mountains, Age of the Blue, 294. 
,, Building of the Blue, 

295. 
„ Description of the 

Blue, 303. 
,, from Silurian to 

Triassic, The Blue, 
293. 
,, Hills on the Blue, 79, 

89. 
,, Moss of, 166. 

„ Origin of the Blue, 

,, Sandstone on the 

Blue, 79, 104, 106. 
,, • Sculpturing of tbe 

Blue, 293, 299. 
,, Shales on the Blue, 

109. 
,, Silurian Slates on the 

Blue,. 89. 
Mount Lambie, 199. 
„ Piddington, 332. 
„ Victoria, 160, 332. 
„ „ fossils from 1 65, 

245. 
„ Vincent, 339. 
Mucophyllum, 85. 
Mud, 80, 116. 

„ Fish, 102. 
Mudstone, 80, 241. 
Mulgoa, 331. 
Murchiscnia, 85, 214 
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Murex, 84. 

Muscovite, 53. 

Mussel, fresh-water, 187. 

Myriolepia, 85, 96, 133, 135. 

Myrtctceoiy 158. 

Narrabeen, 344. 

„ Shales at, 167, 178- 

183. 
„ Fossils at, 160. 
, , Shales, Origin of, 1 83- 

187. 
„ Views at, 300. 

Natica, 84. 

Nature's Color Box, 187. 
NautUus, 203. 
Nepean, 346. 

„ granite, 286. 
,, shales, 109. 
,, River, Deposits of, 94, 
95. 
Nepheline, 279, 280. 
Newbridge. 79. 335. 
Newcastle Coal-beds, Fossils 
from. 165167, 196. 
„ Sandhills about, 93. 
New Zealand, Tuatara lizard of, 

140, 141. 
NeuropteridcB, 169. 
Niso, 85. 

Nobby s, Newcastle, dyke, 276. 
„ „ fossils from, 

196. 
Nowra, 326. 

„ Fossils from, 195. 
„ Grits, 327, 328. 
„ in Permo-Carboniferous 
times, 209. 
Notiaaaurus, 84. 
Notomya, 85. 
NtilUpores, 223. 
Nungatta Ranges, rocks, 215. 

Oak, 97. 

Obsidian, 255. 

Oleandridium, 22, 85, 177, 325, 

357. 
OleneUua, 85. 

Olivine, 55, 272, 277, 283, 292. 
Opal, 52. 
„ Fields, White Cliflfe, 83. 



Oolitic Limestone, 90. 
„ Seas, Creatures of, 103. 
„ Times, Plants of, 165. 
Orange, 335, 336. 

„ Basalt at, 78,266,285, 

286. 
„ Serpentine near, 79. 
„ Silurian Fossils near, 

336. 
„ Slates at, 79. 
Orchiainay 85. 
Organic Origin of Limestone, 

223,227. 
Origin of Igneous rocks, 253, 255. 
„ of the Mountains, 29S. 
,, of the Narrabeen Shales, 
183. 
Omitharynchus, 84. . 
OrthiSy 86. 
OrthocmM, 85, 203. 
Orthoclase, 289. 
Oatreay 84. 
Otozamites, 175. 
Ottelia, 85, 179. 357. 
Otodusy 85. 
Otway , Cape, Carbonaceous Beds 

of, 90. 
Outcrop, 217. 

,, of Coal Measures, 193. 
Outlier of Upper Marine Sand- 
stone, 243. 
Oxide of Iron,. 56, 117. 
Oxygen, 119, 120. 

Paehydomus, 84. 
Palceaster, 85. 
PalasoniscuSy 85, 133. 
Palaeozoic Corals, 144, 178. 

„ Chambered Shells, 144. 

„ Period, 178. 

„ Rocks, 83, 85, 90, 144, 
164, 185. 
PcUorchestes, 84. 
Peat, 80, 194-195, 198-199. 
Pecopteriday 169. 
PecopteriSj 85, 172. 
Pecten, 84, 296. 
Pectuncidua, 84. 
Pelicaria, 84. 

Pennant Hills, 259, 262, 341. 
Penrith, Fold near, 297. 



Digitized by 



Google 



388 



Geology of Sydney. 



PerUameru8t 85. 

PerUeune, 64. 

Penrith, 286. 

Perched blocks, 290. 

Permian rocks, 82, 83, 101, 143, 

192. 
PermO'CarboniferouB fossils, 155. 
•» », lavas, 184. 

I) „ rocks, 84, 85, 

89, 167, 176, 
178-182, 184, 
192,193,199, 
201-205,212, 
217, 241-244, 
294-296. 
Peroxide of Iron, 118, 119, 120, 

123, 124. 
Petfuia, 85. 
Phci/Cops, 85. 
PhUlipaastrea, 85, 225. 
PhyUodadus, 162. 
Phyllothtca, 85, 132, 166, 167, 

171, 175, 177, 184, 209. 
Picton, 328. 
Piddington, Mt., Fossils from, 

296, 334. 
PUeopsis, 84. 
Pittwater, Shales at, 157. 
Plains, Alluvial, 83. 
PlcUyceras, 85. 
Platyceps, 85, 129, 133. 
Platyachisma, 296. 
Planes of Stratification, 219. 
Pleistocene Rocks, 83, 84, 90, 95. 
Plesiocapparis, 84. 
Ple8io8auru8, 85, 129, 147, 148. 
Pleurotoma, 84. 

Pliocene Rooks, 83, 84, 89, 90, 96, 
Pluvial period, 297. 
Plutonic Rocks, 76, 255. 
Podozamites, 85, 175. 
Pdyzoa, 92, 190. 
Pokolbin Hills Coal Measures, 

179. 
Porphyrite, 79. 

Porphyry, 94, 108, 244246, 286. 
Port Hacking, 298. 
,, ,, Sand-hills about, 

93. 
Port Jaokson, Origin of, 297, 298, 
321. 



Port Jackson, Sand-hills at, 93. 

„ „ Shark, 102. 

Port Stephens District, 91, 172. 
Post Office, Granite in, 342. 
Pre-Silurian Continent, 293. 
Primary Rocks, 85, 90. 
Prismatic Sandstone, 252, 257, 

258, 259, 261, 262. 
Pristisomtia, 85, 103, 133. 
Productus, 85, 296. 
Pre-Cambrian Rocks, 91. 
Prospect, Basalt at, 259, 262, 
264. 

„ Dolerite at, 78. 

Protoretopwu, 193, 202, 396. 
Protoxide of Iron, 109, 118, 119, 

120, 123. 
Pterodactyle, 148, 149. 
Pleronitea, 86. 
Purple Shales, 205. 
PhyUothecay 351. 
Pyrites, 56. 

Quaternary Rooks, 83 
Quartz, 32, 64, 94, 104, 245, 263, 
286, 289, 290. 
„ in Granite, 62. 
„ to distinguish from 
Felspar, 53. 
Quartziferous Slates, 108. 
Quartzite, 79, 91, 213, 216, 253, 

266. 
Quercus, 84. 
Quick-lime, 220. 

Rainfall in Tertiary Epoch, 318. 
Raised Beach, 90, 92, 338. 
Ravines on Mountains, Origin of, 

135. 
Reptiles, Triassic, 147 

,, Jurassic, 147. 
Radiolarian Rocks, 80, 246. 
Bhacopteris, 85, 161, 176, 351. 
RhizophyUum^ 85. 
BhynchoneUa, 85, 212, 213, 215u 
Richmond, Dieposits at, 94. 
Recent Rocks, 83, 84, 90, 92. 
Red Sandstone, New, 101, 129, 
211. 
Old. 101, 204, 
211. 
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Reptiles, A^e of, 101, 126, 129, 

130. 
Road-Metal, 264. 
Rock Salt, 78, 80. 
„ Shelters, 230, 231. 
„ Slice for the Microeoope, 
270. 
Rocks, Arenaceous, 80. 
„ Argillaceous, 80. 
,, Calcareous, 80. 
„ Carbonaceous, 80. 
„ CrystalUne, 124. 
,, Definition of, 51. 
,, Districts in which they 

occur, 78, 79. 
„ Division of, 71, 77, 78. 
,, formed by Chemical 

Action, 72. 
,, formed by Mechanical 

Action, 72. 
„ formed organically, 76. 
,, How they differ, 68. 
„ Siliceous, 80. 
„ the Study of. 28. 
JRhamphorhynchiia, 161. 
Rhyolite, 255, .354. 
Rientis, Collection made by, 334. 
Riley-st., Dyke at, 261. 
Ripple-marks, 183, 296. 
Rivers, Work of, 309, 310, 312. 
Rodd Island, Dyke at, 339. 
Rookwood, 324, 344. 
Botdla, 84. 
Rugom, 178. 

Running Water, Work of, 293. 
Rutacece, 158. 
Rydal, 333, 335. 

„ Granite at, 286. 
„ Rocks at, 91, 211, 213- 
215. 
Ryde, Dyke near, 85, 212, 213. 
216, 354. 

Saddleback Mountain, 182, 327. 

Sageiiopteris, 86. 

Salishwy, 176. 

Salteria, 85. 

Salt in Solution, 125. 

Sand, 80, 113, 116, 117, 126. 



Sand-dunes, 1 13. 
Sandstone, 78-80, 82-83, 89, 94, 
101, 103, 106-110, 
113, 212, 213, 241, 
244, 253, 258, 265, 
299, 301-302, 304. 
b^ked, 65, 79, 127. 
„ characters of, 58. 
„ definitions of, 61. 
„ Hawkesbury (see 

Hawkesbury Sand- 
stone). 
Sandstones, Devonian, 82, 83, 

89, 91, 204. 
• Sandstone for roads, 343. 

New Red, 101, 129. 
„ . Old Red, 101. 
„ Origin of, 110, 113, 

115, 154. 
„ Weathering of, 271. 
Sanguinolites, 85, 176. 
Saunders' Quarry, Sydney, 106. 
Schists, 78, 79. 
Schizaneura, 85, 170, 171, 172, 

176, 177. 
Sea, Encroachment of, 29. 
Sea-Ulies, 69, 76, 228. 229. 
Section at Capertee, 179. 
„ at Bundanoon, 179. 
„ of Hawkesbury Sand- 
stones, 181. 
, , of Narrabeen Shales, 18 1 . 
,, of Permo-Carboniferous, 

181. 
,, Mountains to Sydney, 
124. 
Serpentine, 79, 285, 336. 
Shale, 72, 78-80, 83, 90, 101, 104, 
108, 109, 110, 113-116, 118, 
126, 167, 241, 242, 262, 297. 
Shales, Carboniferous, 114, 159, 
167, 175. 
„ Chocolate (see chocolate 

shales). 
„ Wianamatta, 98, 104, 
108, 109, 113. 
Shark, Port Jackson, 102. 
Shore Deposits, 215. 
SiffUaria, 85. 
Silica. 93, 255, 278. 
Silicified Wood, 42, 43, 45. 
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Silurian Corals, 226. 
„ Grits, 204. 
„ Orisin of Term, 216. 
„ Rodcs, 82, 88, 85, 89, 
91, 180, 211, 214, 215, 
228, 242, 243, 244, 
291, 293. 
Sipkonalia, 84. 
Slaked lime, 220. 
Slate Roofing, 218. 
Slates, 78, 79, 80, 83, 89, 204, 
215,217,219,221, 244, 
245,246. 
„ True, 216, 218, 219. 
Sodalite, 280, 281. 
Solar Denudation, 115. 
Solution, 119, 123, 125. 
South Cre^, Triassio coal at, 

110. 
Spiri/er, 84, 85, 117, 202, 212, 

213. 
Sphenopteris, 85, 172, 215. 
Sphenophyllum, 171, 172. 
SphenopteridoBf 169. 
Spiri/er Tasmaniensis, 195. 
SpondylostrobtiSj 84. 
Springwood, 109, 333. 
Star-fishes, 202. 
Stalactites, 73, 75, 216, 235, 236, 

237, 238, 239, 261. 
Stalagmites, 216, 235, 236, 237, 

238. 
Steele, Norman, quoted, 85. 
Stenopora, 296. 
Stratified Rocks, Succession of, 

83, 89, 296. 
Stratification, Planes, 219. 
Stratified Rocks, 81, 82. 
Strike, 217. 

Stroud, 83, 161, 176, 179, 199. 
StrtUhiolariay 84. 
Sub-aerial Waste, 207. 
Subsidence, 188, 294, 301. 
Submergence, 29, 93. 
Submerged Forest, Shea's Creek, 

93, 94. 
Suspension, 115, 125. 
Swamps, Triassic, 141. 
Swedish Lakes, Iron Ore in, 120. 
Sydney, Alluvial deposits near, 
94. 



Sydney, Altered Sandstones 
near, 79. 
„ Basalt near, 78, 385. 
„ Coal Measures under, 

193, 201. 
,, Dykes around, 285,297. 
„ Eruptive Rooks near, 

256. 
„ Fossil Plants around, 

158, 160. 
„ Hawkesbury - Wiana- 

matta at, 108. 
„ Marine deposits, 92. 
, , Past Physical geography 
„ Sandstones around, 79, 
95, 103, 104, 106, 257, 
291. 
„ Shales around, 17, 79, 
83, 159, 160, 166, 178, 
183. 
„ Sketch section under, 
181. 
Triassic rocks around, 
82, 129, 141. 
„ Triassic sandstones 
around, 192. 
Syenite, 255. 

„ Bowral, 52, 79. 
Syringopora, 86. 

TaentopteriSy 85, 90, 162, 163, 

164, 170, 176. 
Talbragar River, beds of, 90. 
Talc, 53. 

Talcose Slate, 79. 
Talus, 244. 
Tarana, 79, 254, 335. 
Taxites, 85. 
Teeth fossils, 18, 102, 130, 131, 

142, 150. 
Terebratvlay 84, 296. 
Tertiary Rocks, 82, 83, 84, 90, 

93, 96, 97, 103, 157, 176. 
Thinnfddia, 40, 85, 113, 121, 

160, 169, 172, 176, 179, 296. 
Tomago Coal Measures, 176. 
Tomah Mount, 78, 89, 252, 266, 

286, 297, 304. 
Trachyte, Bowral, 342. 
Trachyphyllum, 84. 
Travertine, 80, 236, 



Digitized by 



Google 



Index. 



391 



Tremanotus, 85, 95, 133. 

Trias or Trias-Jura, Summary 

of, 187. 
Triassic Rocks, 82-85, 89, 90, 98, 
101, 102, 126, 130, 131, 
141, 143, 146, 154, 158, 
170, 244, 294, 295, 296. 
„ Reptiles, 101, 126, 129, 
151. 
Trigonia, 84, 86, 102. 
Trilobites, 178, 219. 
Triton, 84. 
Trochus, 85. 

TuatAra lizard, 140, 141. 
Tuflf (see Volcanic Tuflf). 
Turramurra, Prismatic sand- 
stone at, 261. 
TurrUeUa, 84. 
Thylacoleo, 84. 
Thylacinua, 84. 

Ultra-basic Rocks, 255. 
Unconformity, 179, 180. 
Under Clay, 196, 198. 
CTmo, 84, 85, 133. 
UmtmeUa, 85, 113. 
Upheaval. 92, 295. 
Upper Coal Measures, 155, 176. 
Upper Marine Beds, 176, 202, 
206, 212, 241, 243, 285. 

Valleys on the Blue Mountains, 

232 299 
Vertehuria, 83, 179, 296. 
Volcanic Action, 205. 

„ Ash, 78, 184, 188, 206. 

„ Rocks, 77, 265, 256. 



Volcanic Rocks, Lower, 90. 

„ Rocks, Upper, 90. 

„ Tuffs, 205. 
Volcanoes, 119, 205, 297, 319, 
321. 

,, Extinct, 263. 
Vduta, 84. 

WcUdheimta, 84. 

Wandrawandian Sandstone, 327. 
Warren, 114. 
Waterloo and Cooper streets, 

Sydney, 261. 
Water, Running, Power of, 317. 
Weathering, 106, 109, 271, 299. 
Wellington, Limestone at, 83. 
Wentworth Falls, 304, 331. 
White Cliff's Opal fields, 83, 215. 
Wianamatta Shales, 98, 104, 108, 

109, 112, 113, 117, 129, 164, 

176, 285, 345. 
, , Shales, Coal in, 1 76, 
Wilcannia, Rocks at, 82, 83, 212, 

215. 
Wilkinson, quoted, 249, 262, 298, 

316, 341. 
Wilson, Lava flows at Mt., 297. 

„ Mount, 304, 334. 
Wollongong. 203, 326. 
Wood, Per cent, of Carbon in, 

194. 
„ Silicified, 42, 43. 
WooUoomooloo, 323. 
Wyalong Coldfields, Granite at 

289. 
YambuUa Ranges, Rocks, 215. 
Yass, Fossils from, 214, 225. 
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Contribution to tlie Microscopic Structure of some Austra- 
lian Roclts. With three plates. 8vo., sewn, Ss. ; 
post free, 3s. 2d. (Royal Society Prize Essay, 1892.) 
Reprint from Roy. Soc. N. S. Wales. 

Contribution to tlie Geology and Petrography of Batlinrst, 
New Soutli Wales. With four plates. Bvo., sewn, 
3s. ; post free, 3s. 2d. Reprint from Liunean Society. 

Qems and Precious Stones of New Soutli Wales. With 
eight plates. Bvo., sewn, 3s. ; post free, 3s. 2d. 
(Royal Society Prize Essay, 1896.) 

Notes and Tables for Chemical Students. 202 pages. 
Demy Svo., cloth gilt, 4s. 6d. ; postage, 7d. 

Silver Ores, and How to Test Them. Foolscap Svo., 
120 pages. [Out of print. 

Useful Minerals : How to tell them. With 30 illustrations. 
3s. 6d. ; post free, 3s. 8d. {In py^eparcuion. 

Elementary Geology for Australian Students, with about 
200 illustrations, mostly of Australian subjects. 

[In preparation. 
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ANGUS & ROBERTSON 
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ANNOUNCEMENTS, 

I R R I G AT I O N from Artesian and River Waters, 

and LAN D DRAI NAG E^ with special Bef* 
erenoe to the Geological Development and Utilisa- 
tion of Artesian and Bub-artesian Supplies. 
By W. GIBBONS OOX, O.E. 

With about 80 illustrations and a coloured 
map. Crown 8vo., cloth gilt, 6s. (post free 

68. 6d.) [Nearly Ready. 

THE AUSTRALIAN GOLFER. 

By D. G. SOUTAR, Amateur Champion of Austral- 
asia, 1903 ; Amateur Champion of New South Wales, 
1903-4 ; Open Champion of Australasia, 1905. 

With 50 plates and numerous diagrams in 
the text. Demy 8vo., cloth gilt. [ShwHy. 

DANTE'S INFERNO: 

A Metrical Translation. 

By the RIGHT HON. SIR SAMUEL WALKER 
GRIFFITH, G.C.MG., P.O., Chief Justice of 
the High Court of Australia. 

Crown 8V0., cloth gilt. iSharUy, 
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Crown 8vo., picture cover, Is, each {postage 3d.) 



THE OLD BUSH SONGS. Edited by A. B. PA TERSON 

WHEN I WAS KING : New Verses. By HENRY LA W80N 

THE ELDER SON : New Verses. By HENRY LA WSON 

JOE WILSON : Stories. By HENRY LA WSON 

JOE WILSON'S MATES : Stories. By HENRY LA WSON 

ON THE TRACK : Stories, By HENRY LA WSON 

OVER THE SLIPRAILS : Stories. By HENRY LA WSON 

POPULAR VERSES. By HENRY LA WSON 

HUMOROUS VERSES. By HENRY LA WSON 

WHILE THE BILLY BOILS : Stories.-First Series. 

By HENRY LA WSON 

WHILE THE BILLY BOILS : Stories.— Second Series. 

By HENRY LA WSON 

MY CHINEE COOK, AND OTHER HUMOROUS VERSES. 

By BRUNTON STEPHENS 

HISTORY OF AUSTRALASIA : From the Earliest Times to 
the Inaugruration of the Commonwealth. 

By A. W. JOSE 

HISTORY OF AUSTRALIAN BUSHRANGING. 

By CHARLES WHITE 

Part I.— Thb Eablt Days. 

Part II.— 1850 to 1862. 

Part IIL— 1863 to 1869. 

Part IV.— 1869 to 1878. 



*** For press uotiees of these books see the cloth-boand editions 
on pages 3, 4, 5, 6, 9, 12, 13, and 17 of this catalogue. 
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WHEN I WAS KING, AND OTHER 
VERSES. 

By HENRY LAWSON. 

Fifth thousand. Crown 8vo., cloth gilt, 
38. 6d. (post free 4s.) 

Also in two parts, entitled '' When I Was King," and *< The 
Elder Son.** Seepagtg, 

Sydney Homing Herald : ^^ He is known wherever 
the English language is spoken ; he is the very god 
of the idolatry of Australian bushmen ; ... he has 
written more and is better known than any other 
Australian of his age. . . . There is a musical lilt 
about his verses which makes these dwell in the 
memory, and there is in them also a revelation of 
truth and strength. . . . ^ When I Was King ' con- 
tains work of which many a craftsman in words might 
well be proud . . . lines that Walt Whitman — a 
master of rhythm when he liked^ and a worshipper of 
it always — would have been proud to claim as his own." 

Brisbane Daily Hail : ^^ The present volume is new 
and yet old — there is the same vigorous speech, ring- 
ing phrase, swinging rhythm, and big human heart 
pulsing through these poems as in his other works. 
There is,too,a freshness, a dramatic power, and an in ten- 
sity of expression which shows Mr. Lawson at his best." 

Daily Telegraph : '^ Not only is this fine, rousing 
invocation and good poetry; not only does it 
display Mr. Lawson on the slogan-note he raises so 
clearly and holds so well ; it renders no more than 
due credit to the indomitable people of rural Aus- 
tralia, whose lot . . . exhales the hope and trust in 
country without which thereUs no real patriotism.'* 



Digitized by 



Google 



WHEN THE WORLD WAS WIDE 
AND OTHER VERSES. 

By henry LAWSON. 

Twelfth thousand. With photogravure 
portrait and vignette title. Crown 8vo,, 
oloth gilt, gilt top, 5s. (post free 6s. 6d.) 

The Aeademy : ''These ballads (for such they mostly 
are) abound in spirit and manhood, in the colour and 
smell of Australian soil. They deserve the popularity 
which they have won in Australia, and wmch^ we 
trust, this edition will now give them in England/' 



VERSES: POPULAR AND 
HUMOROUS. 

By HENRY LAWSON. 

Tenth thousand. Crown 8vo., cloth gilt, 
3s. 6d. (post free 4s.) 

For cheaper edition nee Commonwealth Series, jtage S, 

Francis Thompson, in The Daily Chronicle : '' He 
is a writer of strong and ringing ballad verse, who 
gets his blows straight in, and at his best makes them 
all tell. He can vignette the life he knows in a few 
touches, and in this book shows an increased power of 
selection.^' 

New York Evening Journal : '* Such pride as a 
man feels when he has true greatness as his guest, 
this newspaper feels in introducing to a million 
readers a man of ability hitherto unknown to them. 
Henry Lawson is his name." 
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ON THE TRACK AND OVER 
THE SLIPRAILS: stories. 

By HENRY LAWSON. 

Sixteenth thousand. Crown 8vo., oloth 
gilt, 3s. 6d. {post free is.). 

For Cheaper Edition see Commonweallh Seriea, page 2. 

Daily Chroniele : " Will well sustain the reputation 
its author has already won as the best writer of 
Australian short stories and sketches the literary 
world knows. 

Pall Mall Gazette : " The volume now received will 
do much to enhance the author's reputation. There 
is all the quiet irresistible humour of Dickens in the 
description of ' The Darling River/ and the creator of 
' Truthful James' never did anything better in the way 
of character sketches than Steelman and Mitchell.'^ 



JOE WILSON AND HIS MATES. 

By HENRY LAWSON. 

Eighth thousand. Crown 8vo., oloth gilt, 
3s. 6d. {postjree 4s.). 

For Cheaper Edition see Commonwealth Series^ page fS. 

The AthenSBum (London) : '' This is a long way 
the best work Mr. Lawson has yet given us. These 
stories are so good that (from the literary point of 
view, of course) one hopes they are not autobio- 
graphical. As autobiography they would be good ; 
as pure fiction they are more of an attainment." 

The Academy: '' It is this rare convincing tone of 
this Australian writer that gives him a great value. The 
most casual ' newspapery ' and apparently artless art 
of this Australian writer carries with it a truer, finer, 
more delicate commentary on life than all the idealistic 
works of any of our genteel school of writers." 
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WHILE THE BILLY BOILS: stones. 

By HENRY LAWSON. 

Twenty-fourth thousand. With eight plates 
and vignette title, by F. P. Mahony. Crown 
8 vo., cloth gilt, 8s. 6d. {post free J^s.) 

For Cheaper Edition see CommoniDeaUh Series, page B, 

The Academy : " A book of honest, direct, sympa- 
thetic, homoroas writing about Australia from within 
is worth a library of travellers' tales. . . . The 
result is a real book — a book in a hundred. His 
language is terse, supple, and richly idiomatic. He 
can tell a yarn with the best.*' 

The Scotsman: ''There is no lack of dramatic 
imagination in the construction of the tales ; and the 
best of them contrive to construct a strong sensational 
situation in a couple of pages." 



THE WORKS OF HENRY 
LAWSON. 

Three volumes of verse and three of prose 
sketches, all uniformly bound in green 
cloth, with gilt titles, enclosed in a hand- 
some cloth-covered case of same colour, 
with hinged lid. 25s. per set. 

CONTENTS. 
VERSE : In the Days When the World was Wide. 

When I Was King, and Other Verses. 

Verses, Popular and Humorous. 
PROSE : WhUe the BUly Boils. 

On the Track and Over the SUprails. 

Joe WUson and His Mates. 
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THE MAN FROM SNOWY RIVER 
AND OTHER VERSES. 

By a. B. PATERSON. 

Thirty-second thousand. With photogravure 
portrait and vignette title. Crown 8vo., 
cloth gilt, gilt top, 5s. {post free 6s. 5d.). 

The Literary Year Book : '' The immediate 
saccess of this book of bash ballads is without parallel 
in Colonial literary annals^ nor can any living English 
or American poet boast so wide a public^ always 
excepting Mr. Badjard Kipling." 

The Times : "At his best he compares not unfavour- 
ably with the author of * Barrack Room Ballads.* " 

Spectator : ^' These lines have the true lyrical cry 
in them. Eloquent and ardent verses.'' 

AthenSBUm : '^ Swinging, rattling ballads of ready 
humour, ready pathos, and crowding adventure. 
. . . Stirring and entertaining ballads about great 
rides, in which the lines gallop like the very hoofs of 
the horses.*' 

Mr. A. Patchbtt Martin, in Literature (London) : 
"In my opinion, it is the absolutely un-English, 
thoroughly Australian style and character of these 
new bush bards which has given them such immediate 
popularity, such wide vogue, among all classes of the 
rising native generation." 

London: Macmillan <b Co,, Limited, 
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RIO GRANDE'S LAST RACE AND 
CfTHER VERSES. 

By a. B. PATERSON. 

Fifth thousand. Crown 8vo., cloth gilt, 
gilt top, 5s. {post free 5s. Sd.). 

Spectator : '' There is no mistaking the yigonr of 
Mr. Paterson's verse ; there is no difficulty in feeling 
the strong human interest which moves in it.'' 

Daily Mail : *' Every way worthy of the man who 
ranks with the first of Australian poets." 

Scotsman : '^ At once naturalistic and imaginative^ 
and racy without being slangy^ the poems have always 
a strong human interest of every-day life to keep 
them going. They make a book which should give 
an equal pleasure to simple and to fastidious readers." 

Bookman : '* Now and again a deeper theme^ like 
an echo from the older, more experienced land, leads 
him to more serious singing, and proves that real 
poetry is, after all, universal. It is a hearty book." 

Daily Chronicle : " Mr. Paterson has powerful and 
varied sympathies, coupled with a genuine lyrical 
impulse, and some skill, which make his attempts 
always attractive and usually successful." 

Glasgow Herald : '' These are all entertaining, their 
rough and ready wit and virility of expression making 
them highly acceptable, while the dash of satire gives 
point to the humour." 

London : MacmiUan de Go,, Limited, 
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THE POETICAL WORKS OF 
BRUNTON STEPHENS. 

New edition, with photogravure portrait. 
Crown 8vo,, cloth gilt, gilt top, 5s. {post 
free 6s. Bd.) 

Bee aUo Commonweaith Sertee, petge f . 

The limes : '' This collection of the works of the 
Queensland poet, who has for a generation deservedly 
held a high place in Australian literature, well 
deserves study.** 

Daily News: ''In turning over the pages of this 
volume one is struck by his breadth, his versatility, 
his compass, as evidenced in theme, sentiment, and 
style." 

HOW HE DIED, AND OTHER 
POEMS. 

By JOHN PARRELL. 

With Memoir, Appreciations, and photo- 
gravure portrait. Crown 8vo., cloth gilt, 
gilt top, 58. {post free 6s. 4d.) 

Melbourne Agre : ''FarrelFs contributions to the 
literature of this country were always distinguished 
by a fine, stirring optimism, a genuine sympathy, 
and an idealistic sentiment which in the book under 
notice find their fullest expression.'' 

The World's News: ''It is a volume which no Aus- 
tralian reader can afford to be without. John Farrell 
was a vigorous writer, one, too, in whom the poetic spirit 
was very strong, and he had the gift of expressing 
himself in terse language. Had he written nothing 
else than 'Australia to England,' his name would 
live for all time." 
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A BUSH GIRL'S SONGS. 

By 'RENA WALLACE. 

With portrait. Crown 8vo,, cloth gilt, gilt 
top, 58. {post free 6s. 4d.) 

Daily Telesrraph: '^ There is passion as well 
as melody in 'A Bush Girl's Songs'; and there 
is thought also — real thought^ that underlies the 
music of the verse and gives the writer something 
definite to communicate to her readers on the great 
universal subjects that are the province of true 
poetry, as distinct from mere verse. One cannot help 
remarking with pleasure the prevailing note of hope- 
fulness, a sunshiny charm, that is felt throughout all 
this fresh young writer's work." 



PARSIFAL, A Romantic "Mystery "-Drama. 
By T. HILHOUSE TAYLOR. 

With Preface by J. C. Williamson. Crown 
8vo., cloth gilt, 3s. 6d. {post free 3s. 9d.) 

Extract from Preface :''....! thought that 
in capable hands a play could be written worthy of 
the grandeur of the subject and its magnificent scenic 
surroundings. ... 1 sought out my old friend, the 
Rev. T. H. Taylor, for whose literary ability I have 
great admiration, and endeavoured to interest him in 
this subject. He took the matter up with enthusiastic 
zeal and religious fervour, making a deep study of the 
subject, and not confining himself in any way to 
Wagner's opera for the material ; the result being a 
play which seems to me to be truly poetic and 
intensely dramatic." 
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WINSLOW PLAIN. 

By SARAH P. MoL. GREENE, Author of " Flood- 
Tide," " Vesty of the Basins," &c. 

Crown 8vo., cloth gilt, with portrait, 3s. 6d. 
(post free 4s.). 

Daily Telegraph: "It is brimful of actuality 
set with delicate embroidery of imagination and 
of humour. It is pervaded by boys prankish, irresis- 
tible, genuine/' 

The Age : " The Studies of New England Life and 
Character presented to' us in 'Winslow Plain* are 
fresh, vigorous and original." 



FLOOD-TIDE. 

By SARAH P. McU GREENE, Author of " Vesty 
of the Basins," " Winslow Plain," <fec. 

Cloth gilt, 3s. 6d. (post free 4s.). 

The Times (Minneapolis) : " For gentle humour 
that steals away all the cares and worries of living, I 
can commend this book.*' 



VESTY OF THE BASINS. 

By SARAH P. McL. GREENE, Author of « Wins- 
low Plain," *« Flood Tide," Ac. 

Crown 8vo., cloth gilt, 3s. 6d. fpost free 4s ) 
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THE OLD BUSH SONGS: 

Composed and Bung in the Bushranginfir, Difirfirinfir» 
and Oyerlanding Days. 

Oolleoted and edited by A. B. PATERSON, Author 
of "The Man from Snowy River/' "Rio Grande's 
Last Race/' Ac. 

Fifth Thousand. Crown 8vo., cloth gilt, 
2s. 6d. {post free 28. 9d.) 

For cKeaptf edition «ee CommonwecUth Seriet, page 2, 

Daily Telegraph : '' Bade and rugged these 
old hash songs are^ but they carry in their 
yigoroas lines the very impress of their origin and of 
their genaineness. • . . Mr. Paterson has done 
his work like an artist.'' 



THE SPIRIT OF THE BUSH FIRE 
AND OTHER AUSTRALIAN FAIRY 
TALES. 

By J. M. WHITFELD. 

Second Thousand. With 32 illustrations 
by G. W. Lambert. Crown 8vo., cloth gilt, 
2s. 6d. {post free 3s.) 

Sydney Morning Herald : " It is frankly written 
for the young folks, and the youngster will find a 
deUght in Miss Whitfeld's marvellous company." 
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THE ANNOTATED CONSTITU- 
TION OF THE AUSTRALIAN 
COMMONWEALTH. 

By Sir JOHN QUICK and R. R. GARRAN, C.M.G. 

Royal 8vo., cloth gilt, 21s. 

The Times: ''The Annotated Constitution of the 
Australian Commonwealth is a monument of industry. 
. . . Dr. Quick and Mr. Garran have collected 
with patience and enthusiasm, every sort of infor- 
mation, legal and historical, which can throw light on 
the new measure. The book has evidently been a 
labour of love.'^ 



HISTORY OF AUSTRALIAN 
BUSHRANQINQ. 

By CHARLES WHITE. 

In two vols. Crown 8vo., cloth gilt, 3s. 6d. 
each (postage 6d. each). 

For Cheaper Edition He Commonwealth SeriUt page f . 

Year Book of Australia: ''There is 'romance' 
enough about it to make it of permanent interest as a 
peculiar and most remarkable stage in our social 
history.'^ 

Queenslander : Mr. White has supplied material 
enough for twenty such novels as 'Robbery Under 
Arms.*" 
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SIMPLE TESTS FOR MINERALS; 

Or> Bverj Man his Own Analyst. 

By JOSEPH CAMPBELL. M.A., F.G.S.. M.LM.E. 

Fourth edition, revised and enlarged (com- 
pleting the ninth thousand). With illus- 
trations. Cloth, round corners, 3s. 6d. (post 
free 3s. 9d,). 

Bendigo Evening Mail: ''Should be in every 
prospector's kit. It enables any intelligent man to 
ascertain for himself whether any mineral he may 
discover has a commercial value.'' 



THE PLANTS OF NEW SOUTH 
WALES : 

An Analytical Key to the Flowerinfir Plants (except 
Grasses and Bushes) and Ferns of the State, set 
out in an original method, with a list of native 
plants discovered since 1893. 

By W. A. DIXON, F.I.O., F.O.S. 

With Glossary and 49 diagrams. Foolscap 
8vo., cloth gilt, 6s. (post free 6s. 5d.). 

Daily Telegraph (Sydney) : '' The author has suc- 
ceeded in bringing his subject within the comprehen- 
sion of the ordinary observer. In a concise introductory 
note, Mr. Dixon points out the difficulty of identifying 
plants by the use of scientific treatises, and substitutes 
a system based on the use of more easily observed 
characters.'* 

Sydney Morning Herald : ''The book is interesting 
as well as ingenious. It is a valuable contribution to 
the botanic literature of Australia.** 
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THE JUSTICES' MANUAL 
AND POLICE GUIDE: 

A synopsis of ofTenoes punishable by indictment 
and on summary conviction, definitions of 
crimes, meanings of legal phrases, hints on 
evidence* procedure, police duties, &c. 

Compiled by DANIEL STEPHEN, Senior Sergeant of 
Police. 

Second Edition, revised in accordance with 
State and Federal Enactments to the end of 
1905, and enlarged by the inclusion of a 
concise summary of Commercial Law. 
Crown 8vo., cloth gilt, 6s. {post free 6s. 6d.) 

Sydney Morning' Herald : '' Justices of the peace 
and others concerned in the administration of the law 
will find the value of this admirably arranged work.*' 

Town and Country Journal: ^'The author has 
put together a vast amount of useful and generally 
practical information, likely to be interesting, as well 
as valuable, to justices of the peace, policemen, and 
all others concerned in the administration of the law.'' 

Sydney Mail: '^A well got up handbook that 
should prove of decided value to a large section of 
the community. . . . Primarily intended for 
justices of the peace and policemen, it is so handily 
arranged, so concise, and so comprehensive, that it 
should appeal to everyone who wants to know just 
how he stands in regard to the law of the land." 

Sydney Wool and Stoek Journal: ''The book 
practically makes every man his own lawyer, and 
enables him to see at a glance what the law is upon 
any given point, and will save more than its cost at 
the first consultation." 
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THE LAW OF LANDLORD AND 
TENANT IN NEW SOUTH 
WALES. 

By J. H. HAMMOND, B.A., LL.B., and 0. G. W. 
DAVIDSON, B.A., LL.B., Barristers-atrLaw. 

Demy 8vo., oloth gilt, 25s. (post free 

iSS. lOd). IJtutputMud. 

THE LAND AND INCOME TAX 
LAW OF NEW SOUTH WALES. 

By M. M. IVAROY IRVINE, B.A., Solicitor of the 
Supreme Court. 

Demy 8vo., cloth gilt, 42s. {post free 4Ss.) 

Tht Sydney Hornine Herald: ''We have here a 
oomplete review of the direct taxation scheme of the 
State for the last ten years ; an anthoritative review 
which gives the law itself and its interpretation. . . . 
Mr. D'Arcy-Irvine does not inflict npon ns the long 
descriptions of the road to a decision which some 
jndges find it necessary or expedient to make. He 
^ves ns the decision^ the one important matter^ and 
little else.'' 

PRESBYTERIAN WOMEN'S 
MISSIONARY ASSOCIATION 
COOKERY BOOK. 

Ninth Edition, enlarged, completing the 
75th Thousand. Crown Svo., cloth, Is. 
(post free Is. Sd.). 
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HISTORY OF AUSTRALASIA. 

From the Barliest Times to the Inauguration of the 
Oommonwealth. 

By ARTHUR W. JOSE, Author of " The Growth of 
the Empire." The chapter on Federation revised by 
R. R. Garran, O.M.G. 

Second edition, revised and enlarged, 
completing the twelfth thousand. With 
6 maps and 64 portraits and illustrations. 
Crown 8vo., cloth, Is. 6d. ; paper cover, Is. 
(postage 4d.) 

The Book Lover: ^^The ignorance of the average 
Australian yoath about the brief history of his native 
land is often deplorable. . . . ^ A Short History 
of Australasia/ by Arthur W. Jose, just provides the 
thing wanted. Mr. Jose's previous historical work 
was most favourably received in England, and this 
story of our land is capitally done. It is not too 
long, and it is brightly written. Its value is consider- 
ably enhanced by the useful maps and interesting 
illustrations.^^ 

Victorian Education Gazette: ''The language is 
graphic and simple, and there is mach evidence of 
careful work and acquaintance with original docu- 
ments, which give the reader confidence in the 
accuracy of the details. The low price of the book 
leaves young Australia no excuse for remaining in 
ignorance of the history of their native laud.'* 

Town and Country Journal: ''The language is 
graphic and simple, and he has maintained the unity 
and continuity of the story of events despite the 
necessity of following the subject along the seven 
branches corresponding with the seven separate 
qolomes/' 
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THE GROWTH OF THE EMPIRE. 

A Handbook to the History of Oreater Britain. 

By ARTHUR W. JOSE, Author of " A Short History 
of Australasia." 

Second edition. With 14 Maps. Crown 
8vo., cloth gilt, 5s. (post free 5s. 6d,) 

Morning' Post : " This book is published in Sydney, 
but it deserves to be circulated throughout the United 
Kingdom. The picture of the fashion in which British 
enterprise made its way from settlement to settlement 
has never been drawn more vividly than in these pages. 
Mr. Jose's style is crisp and pleasant, now and then 
even rising to eloquence on his grand theme. His 
book deserves wide popularity, and it has the rare 
merit of being so written as to be attractive alike to 
the young student and to the mature man of letters.^' 

Literature : '^ He has studied thoroughly, and 
writes vigorously. . • . Admirably done. . . . 
We commend it to Britons the world over." 

Saturday Review: ''He writes Imperially; he also 
often writes sympathetically. . . . We cannot 
close Mr. Jose's creditable account of our misdoings 
without a glow of national pride." 

Yorkshire Post : '* A brighter short history we do 
not know, and this book deserves for the matter and 
the manner of it to be as well known as Mr. 
McCarthy's ' History of Our Own Times.' " 

The Scotsman : '' This admirable work is a solid 
octavo of more thau 400 pages. It is a thoughtful, 
well written, and well-arranged history. There are 
fourteen excellent maps to illustrate the text." 

London : John Murray, 
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THE GEOLOGY OF SYDNEY AND 
THE BLUE MOUNTAINS. 

A Popular Introduotion to the Study of Australian 
Geology. 

Bt Biv. J. MILNE CURRAN, late Lecturer in 
Chemistry and G^logy, Technical College, Sydney. 

Second edition. With a Glossary of Scien- 
tific Terms, a Reference List of commonly- 
occurring Fossils, 2 coloured maps, and 83 
illustrations. Crown Svo., cloth gilt, 6s. 
(post free 6$. 6d.) 

Nature : ''This is, strictly speaking, an elementary 
manual of geology. The general plan of the work is 
good ; the book is well printed and illustrated with 
maps, photographic pictures of rock structure and 
soeneryj and figures of fossils and rock sections.^' 



ELEMENTARY GEOMETRY, 

Practical and Theoretical. 

By C. GODFREY, M.A., and A. W. SIDDONS, M.A. 

Complete edition (Books I. -IV.), crown 8vo, 
cloth gilt, 3s. 6d. {post free J^.). Vol. I. 
(Books I. and II.), 2s. Vol. II. (Books 
III. and IV.), 2s. {postage 3d.). Answers 
in separate volume, price 4d. {post free 6d.) 
Key, 6s. {post Jret 6s. Sd.) 
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THE MAKING OF 
SHAKESPEARE, AND 
OTHER PAPERS. 

By HENBT G17LLETT, President of the Shftke- 
speara Society of New Sontli Wftlea. 

Demy 8vo., 2s. 6d. (post free, Ss. 8d.) 



CALENDAR OF THE 
UNIVERSITY OF SYDNEY. 

Demy 8vo., linen, 2s. 6d. ; paper cover, Is. 
(postage 8d.) 

[PvhlUhed annually, in May, 

MANUAL OF PUBLIC 
EXAMINATIONS HELD BY 
THE UNIVERSITY OF SYDNEY. 

Demy 8vo., paper cover, Is. (post free Is. 
3d.). 

[PMUhed annually, in Augu^, and dated the. year 
folloufing thai in which it m itaued. 



ASPECTS OF COMMERCIAL 
EDUCATION IN EUROPE. 

Beinff a Report presented to the Hon. the Ghan- 
oelior and Senate of the University of Sydney. 

By E. R. HOLME, B.A., Lectarer in English. 

Crown 8vo., cloth gilt, 2s. 6d. {post free 

8s. 9d.) 
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TABLES FOR QUALITATIVE 
CHEMICAL ANALYSIS. 

Arranged for the use of Students by A. LI VERSTDGE, 
M.A., LL.D., F.R.S., Professor of Chemistry in the 
University of Sydney. 

Second edition, Koyal 8vo., cloth gilt, 4s. 6d 
(post free 4s. 9d. ). 

Chemleal News : '' Altogether the book is a ase- 
ful, thoronghly workable text-book^ and, one that is 
likely to find considerable favour with teachers of 
Chemistry. There is a complete index^ and the price 
is very reasonable.'' 

AN INTRODUCTION TO THE 
INFINITESIMAL CALCULUS. 

By H. S. CARSLAW, M.A., D.Sc, F.R.S.E., 
Professor of Mathematics in the University of Sydney. 

Demy 8vo., cloth gilt, 5s. {post free 6s. Sd.) 

The Times : ^* Concise lucidity is the key-note of 
the book Professor Carslaw may be con- 
gratulated upon having produced an admirable book^ 
which should be useful to young engineers and science 
students^ both during and after their college courses.^' 



ABRIDGED MATHEMATICAL 
TABLES. 

By S. H. BARRACLOUGH, B.B., M.M.E , Assoc. 
M. Inst. C.E. 

Demy 8vo., cloth; Is. [post free Is. Id.) 
Logarithms, &c., published separately, price 
6d. {post free 7d.). 
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ENGLISH GRAMMAR, COMPOSI- 
TION, AND PRtelS WRITING. 

For Use by Candidates for University and Public 
Service BxaminationB. 

Bt JAMES OOKWAY, Headmaster at Oleveland- 
street Superior Pablio School, Sydney. 

Prescribed by the Department of Public 
Instruction, N.S.W., for First and Second 
Class Teachers' Certificate Examinations. 
New edition, revised and enlarged. 
Crown 8vo., cloth gilt, Ss. 6d. {post free 
Ss. lOd.). 



A SMALLER ENGLISH 
GRAMMAR, COMPOSITION, 
AND PRECIS WRITING. 

By jambs CONWAY. 

Prescribed by the Department of Public 
Instruction, N. S. W., for Third Class 
Teachers' Examinations. New edition, 
revised and enlarged. Crown 8vo., cloth, 
Is. 6d. (post free Is. 9d.). 

N.S« W. Educational Gazette : '' The abridgment 
is very well done. One recognises the hand of a man 
who has had long experience of the difficulties of this 
subject." 
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CAU8ERIE8 FAMILliRE8;0R 
FRIENDLY CHATS. 

A Simple and Deductive Frenoh Course. 
By MRS. S. 0. BOYD. 

Second Edition, revised and enlarged, containing 
grammatical summaries, exercises, a full treatise on 
pronunciation, French-English and English-Trench 
Vocabulary, and other matter for the use of the 
teacher or of a student without a master. Grown 
8yo., cloth gilt^ 3s. 6d. {post free Se, lOcL), 

Abridged Edition for Pupils. Prescribed for Appli- 
cant Pupil Teachers' Examination. Crown 8vo., cloth, 
Is. 6d. (jM>^ free U. dd.). 

The London Spectator : '' A most excellent and 
practical little volume, evidently the work of a trained 
teacher. It combines admirably and in an entertain- 
ing form the advantages of the conversational with 
those of the grammatical method of learning a 
language.^' 



GEOGRAPHY OF NEW SOUTH 

WALE8. By J. M. TAYLOR, M.A., LL.B. 

New Edition, revised. With 37 illustrations 
and 6 folding maps. Crown 8vo., cloth 
gilt, 38. 6d. (post free Ss. lOd.). 

Sydney Morning Herald : '' Something more than 
a school book ; it is an approach to an ideal geography .'' 

Review of Reviews : " It makes a very attractive 
handbook. Its geography is np-to-date; it is not 
overburdened with details, and it is richly illustrated 
with geological diagrams and photographs of scenery 
reproduced with happy skill.'' 
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THE AUSTRALIAN OBJECT 
LE880N BOOK. 

Part I. — For Infant and Junior Classes: 
Second Edition, with 43 illustrations. 
Crown 8vo., cloth gilt, 3s. 6d. ; paper 
cover, 2s. 6d. {postage, 4d.). 

N.S.W. Educational Gazette: ''Mr. Wiley has 
wisely adopted the plan of utilising the services of 
specialists* The series is remarkably complete, and 
includes almost everything with which the little 
learners ought to be made familiar. Throughout the 
whole series the lessons have been selected with judg- 
ment and with a due appreciation of the capacity of 
the pupils for whose use they are intended." 



THE AUSTRALIAN OBJECT 
LESSON BOOK. 

Part II. — For advanced classes. Second 
Edition, with 113 illustrations. Crown 8vo., 
cloth gilt, 3s. 6d. ; paper cover, 2s. 6d. 
(postage 4d.). 

Victorian Education Gazette : ''Mr. Wiley and his 
colleagues have provided a storehouse of useful infor- 
mation on a great number of topics that can be taken 
up in any Australian school." 

N.S.W. Educational Gazette: ''The Australian 
Object Lesson Book is evidently the result of infinite 
patience and deep research on the part of its compiler, 
who is also to be commended for the admirable 
arrangement of his matter.*' 



24 



Digitized by 



Google 



CIVICS AND MORALS. 

Bt PERCIYAL R. cole, M.A., Frazer Scholar in 
Modern History, University Medallist in Logic and 
Mental Philosophy, late Lecturer in the Training 
College, Fort-street, Sydney. 

Second Edition, revised and enlarged. 
Crown 8vo., cloth, 2s. {post /ree Us. 3d.). 
Also in two Parts : — Part I. — Classes I. 
and II. ; Part II.— Classes III., IV. and 
V. ; cloth. Is. each {postjree Is. Sd. each). 

The N.S. W. Educational Gazette : '' In our issue of 
Marchj 1905, we announced with approval the appear- 
ance of the first edition of this useful and practical 
work and anticipated a wide appreciation on the part 
of our teachers. The issue of a new edition within 
seven months of the original publication amply verifies 
this prediction. . . . We note the addition of 
supplementary lessons on Simple Proverbs, Vote by 
Ballot, the State Government of New South Wales, 
and the Federal Government of Australia. There can 
be no doubt that a book which so closely interprets 
the spirit of the New Syllabus will find a place in 
every Public School in this State.'' 



COMMERCIAL ARITHMETIC. 

By O. K DBNCH, B.A. 

Crown 8vo., cloth, 2s. 6d. {post free Ss. lOd.) 
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SOLUTIONS OF TEACHERS' 
ALGEBRA PAPERS. 

Set at Ist and 2nd Class Teachers' Examinations from 
1894 to 1901 (inclusive), by W. L. ATKINS, B.A. 
Crown Svo., cloth, 2s. 6d. 



SOLUTIONS OF TEACHERS' 
ARITHMETIC PAPERS. 

Set at 1st, 2nd, and drd Class Teachers' Examinations 
from 1894 to 1901 (inclusive), by J. M. TAYLOR, 
M.A, LL.B. Crown 8vo., cloth, 28. 6d. 

N.S.W.Edueational Gazette: ''Both may be at 
once pronounced indispensable to teachers preparing 
for any of these grades. The solutions throughout 
are neat, clear, and concise^ and will show intending 
candidates not only how to obtain the desired results, 
but how to do so in a manner calculated to secure 
full marks from the examiners/' 



GUIDE TO THE 
MUSICAL EXAMINATIONS. 

Held by the N.S.W. Department of Public Instruction 
for Teachers and Pupil Teachers in all grades. By 
Q. T. COTTERILL, Headmaster at Paddington 
Superior Public School. 

Part I. The papers set in 1898, 1899, and 1900, and 
Answers thereto. Crown 8vo., cloth, 2s. (post free 
28, 2d,). Part II. The Papers set in 1901, and Answers 
thereto. Crown 8vo., sewn, Is. {post free Is. Id.), 

N.S.W. Edueational Gazette: ''We would earn- 
estly urge upon teachers and pupil teachers intending 
to sit for examination the wisdom of mastering the 

C* iciples so clearly enunciated in these valuable text- 
ks/' 
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A NEW BOOK OF SONGS FOR 
SOHOOLS AND SINGING 
GLASSES. 

Bt HUGO ALPEN, Superintendent of Music, 
Department of Fablio Instruction, New South Wales. 

8vo., paper cover. Is. {post free Is. 2d.). 



THE AUSTRALIAN 
PROGRESSIVE SONGSTER. 

By S. MoBURNEY, Mus. Doc., Fellow T.S.F. College. 

Containing graded Songs, Rounds and Exer- 
cises in Staff Notation, Tonic Sol-fa and 
Numerals, with Musical Theory. Price, 6d. 
each part ; combined. Is. {postage Id. each 
part). 

No. 1. — For Junior Glasses. 
No. 2. — For Senior Glasses. 



AUSTRALIAN SONGS FOR 
AUSTRALIAN CHILDREN. 

By Mes. MAYBANKE ANDERSON. 

All the songs are set to music, while to 
some of them appropriate calisthenic exer- 
cises are given. Demy 4to, picture cover. Is 
{post free Is. Id.) 
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PUPILS' TEXT BOOKS. 

GEOGRAPHY OF AUSTRALIA AND 

NEW ZEALAND. 

With Definitions of Geoffraphioal Terms. 

Revised Edition, with 8 maps and 19 illustrations. 

64 pages. 6d. (post free 7d.) 



GEOGRAPHY OF EUROPE, ASIA, 

AFRICA, AND AMERICA. 

Rerised Edition, with 18 relief and other maps, and 
17 illustrations of transeontinental views, distribution 
of animals, <kc. 88 pages. 6d. {post free 7(1,). 



GEOGRAPHY OF NEW SOUTH WALES. 

With five folding maps. 48 pages. 6d. (post free 7d.), 



GEOGRAPHY OF AFRICA. 

With five maps in relief, &c. 64 pages. 6d. (post free 7d, ). 



ELEMENTARY PRACTICAL GEOMETRY. 

For Classes II. and III. With Diagrams. Price 2d. 
For Classes IV. and V. With Diagrams. Price 4d. 



GEOMETRY, PRACTICAL AND THEORETICAL 
Books I. and II. Price fid. each. 



THE COMMONWEALTH 
SCHOOL PAPER. 

Issued at the beginning of each month in four numbers. 
(Classes I. and II.— III.—IV.— V. and VI.) Price 
Id. each. 
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THE METRIC SYSTEM OF 
WEIGHTS AND MEASURES, AND 
DECIMAL CCINAGE. 

By J. M. TAYLOR, M.A., LL.B. 

With Introductory Notes on the nature of 
Decimals, and contracted methods for the 
Multiplication and Division of Decimals. 
Crown 8vo., 6d. (post free 7d.). Answers, 6d. 

N.S.W. Educational Gazette: ''A masterly and 
elaborate treatise for the use of schools on a subject 
of world-wide interest and importance. ... In 
commercial life a knowledge of the metric system has 
been for some years essential, and it is, therefore, 
fitting that its underlying principles should be taught 
in our schools concurrently with reduction, and prac- 
tised systematically in the more advanced grades. 
For this purpose the book is unquestionably the best 
we have seen." 



THE AUSTRALASIAN 
CATHOLIC SCHOOL SERIES. 

History of Australia and New Zealand for Catholic 

Schools, 1*28 pages. 4d 

Pupil's Companion to the Australian Catholic 
First Reader, 32 pages. Id. 

Pupil's Companion to the Australian Catholic 
Second Reader, 64 pages. 2d. 

Pupil's Companion to the Australian Catholic 
Third Reader, 112 pages. 3d. 

Pupil's Companion to the Australian Catholic 
Fourth Reader, 160 pages. 4d. 
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AUSTRALIAN SCHOOL SERIES. 

Grammar and Derivation Book. 64 pages. 2d. 
Test Exercises in Grammar for 8rd Class, 1st Tear. 

64 pages. 2d. 2nd Year. 64 pages. 2d. 

Table Book and Mental Arithmetic 48 pages, id. 

Chief Events and Dates in English History. Part 

I. From 55 b.o. to 1485 a.d. 50 pages; 2d. 

Chief Events and Dates in English History. Fart 

II. From Henry VII. (1485) to Victoria (1900). 64 
pages. 2d. 

History of Australia. 80 pages. 4d. Illustrated. 

Geography. Fart I. Australasia and Folynesia. ' 64 
pages. 2d. 

Geogrraphy. Part II. Europe, Asia, America, and Africa. 
66 pages. 2d. 

Euclid. Book I. With Definitions, Fostulates, Axioms, 
&o. 64 pages. 2d. 

Euclid. Book II. With Definitions and Exercises on 
Books I. and II. 32 pages. 2d. 

Euclid. Book III. With University « Junior " Fapers 
1891-1897. 60 pages. 2d. 

Arithmetic and Practical Geometry— Exercises for 

Class II. 50 pages. 3d. 
Arithmetic— Exercises for Class III. 50 pages. 3d; 
Arithmetic— Exercises for Class IV. 50 pages. 3d. 
Arithmetic and Mensuration— Exercises for Class 

V. With the Arithmetic Papers set at the Sydney 
University Junior, the Public Service, the Sydney 
Ohamber of Commerce, and the Bankers' Institute 
Examinations, dec. (New Edition in the press.) 
Algybra> Part I. 64 pages, id. Answers, 4d. 
AlgeiSra. Part II. To Quadratic Equations. ConUins 
A over twelve hundred Exercises, including the Univer- 
sity Junior, the Public Service, the Sydney Ohamber 
of Commerce, and the Bankers' Institute Examination 
Papers to 1900, <fec. 112 pages. 4d. Answers, id. 
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THE AUSTRALIAN COPY BOOK. 

Approved by the DepartmeDtsof Public Instruction in 
New South Wales, Queensland and Tasmania, by the 
Public Service Board of New South Wales, and by the 
Chief Inspector of Catholic Schools. In 10 carefully 
graded numbers, and a book of Plain and Ornamental 
Letteiing, Mapping, &c. (No. 11). Price, 2d. each. 
Numerals are given in each number. 

A.O.B. Blotter (fits all sizes). Id. 

THE AUSTRALIAN PUPIL 
TEACHERS' COPY BOOK. 

A selection of pages from the Australian Copy Book, 
arranged for use of Pupil Teachers. 48 pages. Price, fid. 



CHAMBERS'S GOVERNMENT 
HAND COPY BOOKS. 

Approved by the Department of Public 
Instruction. In 12 carefully graded numbers 
and a book for Pupil Teachers (No. 13). 
Price, 2d. each. 

The Letters are oontinuously joined to each other, so 
that the pupil need not lift the pen from the beginning 
to the end of each word. The Spaces between the 
letters are wide, each letter thus standing out boldly 
and distinctly by itself. The Slope is gentle, but 
sufficient to present the pupil from acquiring a back 
hand. The Curves are well rounded, checking the 
tendency to too great angularity. The Writing is not 
cramped and confined, plenty of space being allowed 
for each word. The Words are spaced by perpendi- 
cular lines, and the lengths of the letters are indicated 
by horizontal lines in the early numbers of the series. 
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ANGUS AND ROBERTSON'S 
PENCIL COPY BOOK. 

Approved by the N.S.W. Department of Public 
Instruction. In nine numbers. Id. each. 

No. 1, Initiatory lines, curves, letters, figures ; 2 and 3, 
Short letters, easy combinations, figures; 4, Long letters, 
short words, figures ; 5, Long letters, words, figures ; 
6, 7, and 8, Capitals, words, figures ; 9, Short sentences, 
figures. 

THE AUSTRALIAN LETTERING 
BOOK. 

Containing the Alphabets most useful in 
Mapping, Exercise Headings, &c., with 
practical applications, Easy Scrolls, Flou- 
rishes, Borders, Corners, Rulings, &c. 
New Edition, revised and enlarged, cloth 
limp, 6d. {post free 7d.). 

New Educational Books in Preparation. 
BRU8HW0RK FROM NATURE, 

With Desiffn. 

By J. E. BRANCH, Superintendent of Drawing, 
N.S.W. Department of Public Instruotion. 

With about Twenty Full-sized Coloured Plates, illus- 
trating Methods and Examples of Students' and 
Pupils' Work. [/« the PrtsB. 

NATURAL HISTORY OF THE 
GARDEN, FARM, AND ORCHARD. 

By C. T. MUSSON, P.L.S., Science Master, 
Hawkesbury Agricultural College. [/» preparation. 
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